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The objective of this study is to carry out an analysis of investment behaviour among farming systems
of selected EU regions, and to assess the impact of the 2003 CAP reform on producers’ investment behav-
iour, and on their sustainability. It includes a review of the literature, a description of the methodology, the
results of the empirical analysis and conclusions.
The review of the literature on farm investment behaviour focuses on: a) the determinants of investment;
b) the effects of policy on investment; c) the classification of quantitative tools for analysing farm investment
behaviour; and d) the choice of methodology for the empirical analysis.
Contributions on this issue have been relatively less numerous than for other fields of agricultural eco-
nomics research, despite its evident importance for the representation of farm behaviour. The analysis of in-
vestment at firm level became an important issue in the general economic literature during the 1950s and
1960s, and in the agricultural economic literature during the 1990s. Early approaches, based on the neo-
classical theory of the firm, were subsequently discussed and improved.
The investment literature during the last two decades has focused on a number of investment-related
topics such as asset fixity and adjustment costs, uncertainty and information, risk and other objectives,
household characteristics, on-farm vs off-farm investment, investment and labour allocation, investment
and farm structure, investment and technical change, investment and contracts and investment and credit
constraints.
Despite the variety of themes and approaches, the present understanding of farm investment behaviour
is considered to be, to a large extent, unsatisfactory. The main research gaps include the need for: a) more
adequate instruments for ex-ante analysis; b) model adaptation to incorporate empirical information about
farm preferences and expectations; c) closer attention to the connection between investment, technical
change and learning; and d) a more empirically relevant treatment of the decision maker’s (farm house-
hold’s, firm’s) objectives.
The amount of literature and the state of the art appear particularly unsatisfactory as far as policy analy-
sis is concerned, and particularly for ex-ante policy evaluation. Although a few recent studies tackled this
issue, focusing to a large extent on decoupling, the analysis of policy impact on investment behaviour still
appears to be a particularly challenging task. This may be attributed to the fact that policy scenarios inter-
act with all other (numerous) determinants, particularly whole household/firm management, risk perception,
asset liquidity and output prices.
The methodology adopted in this study is based on the integration of empirical primary information -
collected through a survey of about 250 farm households - and modelling individual farms surveyed to sim-
ulate reactions to policy and price scenarios. The core model is a multi-criteria dynamic programming
model of farm households. The model is calibrated on primary data from a survey of single farms through
a questionnaire. Case studies were developed for France, Germany, Greece, Hungary, Italy, Poland, Spain
and The Netherlands.
In the majority of cases, farmers stated their investment decisions were indifferent to decoupling. Where
any change occurred, the impact of decoupling was highly differentiated. Differences in reaction are bet-
ter explained by different individual household/farm characteristics, rather than by association with a spe-
cific agricultural system. In the more efficient and expansion-oriented farms, decoupling is perceived as an
opportunity for farm investment, while in small, poorer performing farms the introduction of the Single Farm
Payment (SFP) is viewed rather as an opportunity for extensification, i.e. shifting to less input intensive pro-
duction techniques.
Executive Summary
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Scenario analysis showed that CAP as a whole is very important for the sustainability of farming sys-
tems. However, prices (in the range simulated) appeared to be more important than policy in determining
farmers’ choices. In turn, adaptation of farm activities was more important than investment as a reaction to
both policy and prices.
Decoupled CAP appeared from the interviews to be very much a policy with very different impacts de-
pending on the context in which it is cast. From the interviews and modelling it appeared that decoupling
tends to reinforce the strategy already adopted by farm-households, either in terms of expansion or aban-
donment. This result hints at the fact that a number of wider issues should be addressed in order to under-
stand farm household investment behaviour with respect to policies. In particular, demographic trends, job
and land use opportunities and technological options seem to be major drivers of a farm household’s reac-
tion to CAP.
The results confirm the need for better empirical information in this field, contextualized within the pres-
ent stage of EU agriculture and policy. They also highlight the importance of combining information about
intentional behaviour with modelling outcomes. The results show that the methodology is able to fit proj-
ect expectations, though further refinement is required. Future studies will be needed focusing on ex-ante
policy analysis and design, taking into account emerging technologies and market scenarios, as well as fu-
ture farming/rural agents (households, firms with legal attributes) as the most appropriate decision-making
units. Opportunities and strategies for correlating the results to upper scale modelling should also be con-
sidered.
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The background to and motivation for this
study are provided by the 2003 CAP reform that
de-links farm subsidies from production and con-
centrates the former in a Single Farm Payment (SFP)
supporting producers’ income (Regulation EC
1782/2003). The SFP represents a large fraction of
EU expenditure on agriculture and rural develop-
ment (in 2005, approximately 62%).
Ex-ante studies highlight the relevant expected
impact of the 2003 reform on land allocation to
different crops, with particular emphasis on reallo-
cation towards more efficient ways of farming (Eu-
ropean Commission, 2003). This should also
contribute to the competitiveness of the system. In
the medium to long term, however, the results of
the reform will be largely determined by changes
in farm investment behaviour, particularly with re-
spect to more efficient technologies and emerging
production processes. Agricultural policy will cer-
tainly have a role in determining the propensity to
invest. However, recent studies on the impact of
the 2003 reform, as well as on farming structures
in new member states, emphasise the role of non-
policy and non-farm variables associated with
farm households (e.g. demography, ageing) and the
surrounding economic environment (e.g. shadow
wages in farm households, return on capital, qual-
ity of life in rural areas) in determining farmers’ be-
haviour (European Commission, 2003; Baum et
al., 2004). This is particularly true for investment
and decommissioning.
The objectives of this study are:
• to perform an ex-ante analysis of investment
behaviour among farming systems clustered
by the use of conventional and emerging
production practices;
• to assess the impact of the 2003 CAP reform
- with special focus on the SFP - on produc-
ers’ investment behaviour using scenario
analysis (8-12 years horizon);
• to evaluate the consequences of investment
behaviour with respect to the sustainability
of farming systems, and to make appropri-
ate policy recommendations.
This report focuses on five main items:
• an analysis of the literature on farm invest-
ment behaviour;
• a detailed description of the methodology
adopted for this study, including scenario
analysis and a description of the case stud-
ies performed;
• an analysis of conventional and emerging
farming systems in terms of current and fu-
ture investment activities with special focus
on their determinants, based on empirical
evidence from the case studies;
• an analysis of the impact of alternative pol-
icy scenarios on investment behaviour, and
of the latter on the sustainability of farming
systems;
• policy recommendations developed based
on the results of the study. 
The document is divided into seven sections
including: 1) background and objectives; 2) a re-
view of the literature on farm investment behav-
iour; 3) an illustration of the methodology used; 4)
a description of the case studies to which the
methodology is applied; 5) discussion of the re-
sults, divided into a descriptive analysis of the out-
come of the survey and the results of the modelling
exercise; 6) policy recommendations; and 7) dis-
cussion of possible future development of the re-
search.
1. Background and objectives
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2.1. A reference framework: defini-
tions, representations and deter-
minants
2.1.1. Definition and classification of farm
investments
Investment can be generally defined as the
“purchase of new capital goods by firms” (Begg et
al., 1991, p. 357). Hence, investment represents a
positive change of capital stock over time. This def-
inition requires several qualifications.
First, capital changes can be either positive or
negative, i.e., investments or disinvestments.
Hence, an investment decision may be to increase
capital stock (investment) or reduce capital stock
(disinvestment); however, these operations are not
symmetrical in terms of costs/revenues, and their
asymmetric treatment affects a large branch of the
literature.
Investment and disinvestment add to depreci-
ation in determining the net change in capital
stock over time. When investment is limited to the
replacement rate of existing capital, no net change
in stock occurs. Replacement may also take a
more qualitative meaning: it helps in distinguish-
ing investments that bring to the farm new (types
of) capital goods (including new technologies)
from those that simply substitute old capital goods
with others of the same kind.
When capital stock is allowed to decline to
zero or to grow from zero to some positive amount
of capital (zero capital stock implies zero produc-
tion), investment behaviour may also include entry
and exit from markets (Chavas, 1994).
Investment is not limited to purchased capi-
tal; indeed, farms can invest by producing capital
goods with the aim of generating output in the fu-
ture (e.g. buildings, drainage systems, orchards).
In using the term “investment behaviour,” we
mean the behaviour of farmers toward a number of
decisions regarding investments, including:
• which investments to undertake;
• when (timing, speed of growth over time);
• with what intensity (e.g. how many farms,
what percentage of farms);
• where (different regions/countries);
• how investments are funded.
The classification of investments is concerned
with both the sources and destination of the capi-
tal allocated to invest. The connection between
sources and destination reflects the fact that invest-
ment possibilities are constrained by cash flow,
i.e., money available at any moment in time.
Hence, there is a close connection between the
sources of liquid assets and the possibility of in-
vestment. In the context of a single farm (house-
hold), the liquid assets available for investment
depend on income (corrected for depreciation and
other figurative costs), consumption choices, and
access to credit. For a limited company, consump-
tion can be replaced by dividends.
In terms of a farm household, the sources of
income are various (Figure 1).
2. Literature review2
2 A previous version of this chapter is included in Di Pasquale et al., 2006a; 2006b.
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Figure 1 – Classification of the various income sources of a farm household
Source: OECD, 2002
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Disposable income is obtained as the differ-
ence between total farm household income and
taxes. Within total farm household income, a
major distinction can be drawn between farm and
off-farm income. Off-farm income includes gross
wages and salaries, property income from invest-
ments, and social transfers from pension, health,
and unemployment schemes and other social
safety nets. Farm income is defined as the differ-
ence between gross receipts and the sum of cash
expenses and depreciation. Gross receipts include
both those earned on the market and those pro-
vided by public payments.
In most EU OECD countries, farm income ac-
counts for between 40 and 75% of total rural
household income. In the US, farm income is only
about 10% of total rural household income, and
the figure for Canada is approximately 20%. This
share is steadily decreasing over time in most
countries (OECD, 2002). In addition, in many
areas rural households are gradually becoming dis-
connected from rural business in a general sense,
beyond farming itself (Roberts, 2005). In 75% of
OECD countries, wages and salaries are the main
source of off-farm income (OECD, 2002).
The available cash flow is connected to in-
come via two important qualifications:
access to credit should be added as an addi-
tional determinant of the cash that is available for
investment; it may materialise in the form of the
additional cash that is available when new loans
prevail or in a reduction in cash flow relative to in-
come when net repayments prevail;
depreciation costs subtracted from farm re-
ceipts do not actually correspond to a negative
monetary flow and should be added as available
cash for investment at a given moment in time.
Available cash may head for different destina-
tions. A macro classification, suitable in classify-
ing disposable household income, can be
established in terms of consumption and savings.
By consumption we mean the acquisition of non-
durable, non-production goods and expenditure
related to leisure.
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Savings may be addressed to different forms
of investment. Much of the literature treats invest-
ment as undifferentiated change in the monetary
value of capital stock. While this is useful in terms
of analytical tractability, this representation is usu-
ally unsatisfactory. Common distinctions em-
ployed in the literature include those between
on-farm and off-farm investments (e.g. Andersson
et al., 2005), between land and capital, and be-
tween land, buildings, and machinery (e.g. Elhorst,
1993); however, to the best of our knowledge a
comprehensive and universally adopted classifica-
tion of investments has yet to be established in the
literature. From the perspective of a farm house-
hold, a classification of investments can be struc-
tured in the manner presented in Figure 2.
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Figure 2 – Classification of farm household investments
Within farm/rural household investment, a
major distinction is made between productive in-
vestments and durable goods that are used to pro-
duce services for the household (e.g. home
improvements and car).
Productive investments can be classified into
on-farm and off-farm investments3. On-farm invest-
ment may entail both physical and non-physical
investment. The former is traditionally the more
significant; however, a growing amount of re-
sources is devoted to the latter. Non-physical in-
vestments include the acquisition of knowledge
such as the training of farmers and the acquisition
of rights, such as marks, contracts, quotas, and
payment entitlements. We include in this group
only that training and knowledge acquisition that
is aimed at the productive activity of the farm;
however, analogous knowledge-related investment
could be related to off-farm activities and to gen-
eral education. The same may apply to non-pro-
3 Most of the literature distinguishes on-farm and off-farm investment, with the latter including both productive and non-productive invest-
ments (e.g. Goodwin and Mishra, 2005). Other papers use the terms productive and non-productive (e.g. Petrick, 2004), although they
are mostly used as synonyms of on-farm and off-farm, respectively. In our case, we exploit the different meaning of the two distinctions,
attempting to combine them in a unified framework.
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ductive knowledge-based investments aimed at
improving the household’s quality of life (e.g.
hobby-related courses). Knowledge acquisition is
considered a growing issue, as it establish a con-
nection with human, social and cultural capital.
When moving toward such issues, however,
boundaries between production and consumption
investment appear to weaken, as improved human
and cultural capital are considered horizontal re-
sources that may add to the ability of the house-
hold to perform at a higher level in any activity.
Physical on-farm investment is usually further
classified into the traditional physical categories of
capital: land, buildings, machinery, trees (e.g. fruit
trees), and livestock. This is usually the most com-
mon classification referred to in existing account-
ing systems. For example, in the EAA (Economic
Accounts for Agriculture), a distinction is made be-
tween five types of elements of gross fixed capital
formation (EUROSTAT, 1997):
• plantations yielding repeated products;
• livestock;
• tangible and intangible fixed assets:
- machinery and other capital goods;
- transport equipment;
- farm buildings (non-residential);
- other structures with the exception of land
improvement (other buildings and struc-
tures, etc.);
- other (computer software, etc.);
• land improvement;
• costs associated with the transfer of owner-
ship of non-produced assets such as land and pro-
duction rights.
According to EU regulation 2377/77 and
modifications, the EU Farm Accounting Data Net-
work (FADN) collects information (values of stock
and stock variations) concerned with:
- land;
- machinery;
- buildings and land improvements;
- livestock (in terms of animal and species);
- permanent crops;
- production quota and other rights.
FADN also records changes in farm debts and
their connections to certain investments.
Land is largely a peculiar type of asset that
justifies a dedicated literature, mostly devoted to
the explanation of land uses and land values. It
also usually represents the main limiting factor to
size adjustment and, as such, interacts with the
willingness to carry out other investments.
Buildings are a more or less important feature
of farms, depending on the nature of farm special-
isation. In building-intensive systems (e.g. livestock
farming), buildings may be highly demanding in
terms of investment. In many cases, buildings are
a key strategic investment in terms of farm diversi-
fication (e.g. for agri-tourism or product process-
ing).
Machinery is an increasingly important com-
ponent of farm assets. Within machinery, a grow-
ing group of items is that related to advanced
technology such as improved information systems
(e.g. precision farming) and machinery-control sys-
tems. In most cases, these aspects of innovation
are related to machinery management and plant
control.
Landscape and biological capital may assume
a relevant and autonomous importance either in
view of the conservation of productivity (e.g. soil
fertility) or the production of conservation-related
services. In many cases, the latter may be directly
connected to EU regulations that provide rural-de-
velopment payments.
Other dimensions and classifications of phys-
ical capital that are potentially transversal to the
classification presented above may also be rele-
vant. First, as noted above, a major distinction is
made between “replacements” and “increases in
capital stocks”. In qualitative terms, it is important
to distinguish replacements from “innovation” in-
vestments, i.e., capital goods that bring new tech-
nologies to the farm.
Second, investments can be classified in terms
of their “functional” role regarding relevant policy
categories. In particular, it is possible to broadly
define conventional vs. alternative investments as
those connected respectively with the normal
means of farming and those connected with alter-
native technologies (e.g. organic farming), alterna-
tive economic activities (e.g. the production of
biomass energy), or agriculture-related diversifica-
tion (e.g. tourism). Alternative investments may be
connected with multifunctional or rural-develop-
ment concepts. This dimension intersects the clas-
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sification provided above. For example, machin-
ery as a physical category may include both con-
ventional machinery and machinery used for
alternative activities (e.g. hedgerow maintenance).
The multipurpose nature of most investments
such as machinery, land, and knowledge is a fur-
ther horizontal issue and is a major factor that
characterises farm investments and the interaction
of investments with off-farm activities, including
the contribution of farming households to rural de-
velopment. On the investment side, this poses the
problem of cost allocation among different activi-
ties. From a more general perspective, this supports
the degree of importance attributed to the comple-
mentary nature of and linkages between different
activities, including market and non-market goods,
that form the basis of the literature on multifunc-
tionality in agriculture (OECD, 2001b). For the pur-
poses of our classification, however, this makes it
difficult to allocate investments to different policy-
related categories such as traditional farming and
conservation activities.
In addition, on-farm investment may be truly
oriented to farm-production programmes or ori-
ented toward producing services for other farms
(e.g. the renting of machinery), which could make
a difference in terms of the future development of
the farm. Finally, a distinction can be drawn be-
tween “final” and “intermediate” investments,
where intermediate investments are those intended
to accumulate sufficient resources to finance larger
investments.
Off-farm investment may be represented by a
variety of assets (see Bowles and Bosworth, 2001
for a review of the main categories of assets used
in US statistics). In certain contexts, a major role is
played by investment located in other steps of the
same production chain as that of the farm itself.
These investments can be defined as “off-farm but
farming-related”. Examples include investments in
marketing structures, such as investments made via
cooperatives. In this case, investment is carried out
by a legal entity other than the farm, but it is al-
lowed by virtue of the destination of part of the
farm profits (Hamlin et al., 1998; Bogetoft and
Olesen, 2004).
The above example demonstrates how the de-
marcation between on-farm and off-farm is com-
monly not clear-cut: relevant grey areas commonly
emerge. A second example is given by diversifica-
tion activities that are sometimes difficult to distin-
guish from other industries. For example, food pro-
cessing may be configured as agriculture,
diversification or other industries depending on the
degree of connection with the farming activity. As
an analogy, we might consider that investment in
machinery by farms that specialise in providing
mechanical services to other farms may largely de-
velop via a strong relation with the farm itself.
In most cases, off-farm investment can be
identified with investment in government securi-
ties, stock markets, etc.; however, investment in
physical assets may also be of some importance
(e.g. buildings). These investments largely have the
aim of maintaining capital values and providing
additional low-risk income; however, in larger
farms they may also be interpreted as part of the
overall financial strategy of the farm. Finally, in-
vestment in other industries is also possible. In
some cases, this may be connected to the shift of
the family farm to other activity sectors.
Non-productive investment may be identified
as durable consumption-oriented goods. While not
strictly connected to productivity, such investments
may play a major role in interpreting the quality of
life and willingness to maintain settlements in rural
areas. Consequently, non-productive investments
may be an important indicator in relation to rural-
development perspectives. To distinguish such in-
vestments from rent-seeking investments that can
be analogous in nature, they can be identified as
those investments that directly aim to provide a
flow of services to the farm household.
2.1.2. Decision-making process
An analysis of investment determinants and
modelling requires a closer view of the investment
decision process. This may be represented as a
cyclical process, where business-level decisions
interact with the external business environment
(Figure 3).
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Figure 3 – The investment decision process
Source: modified from Hay and Morris (1991), p. 434
Te
ch
ni
ca
l R
ep
or
t S
er
ie
s
The business environment determines prod-
uct demand and factor supply conditions (quantity
and prices) that affect forecasting ability and de-
termine demand and supply information. Specific
investment-related parameters such as those con-
nected to capital and that affect the choice of the
discount rate (e.g. interest rates or rates of return)
may be an explicit part of the forecast process and
are included among the capital supply conditions.
Figure 3 indicates that government policies
have an effect on forecasts by affecting demand
and supply conditions; however, direct forecasts
of policy changes are also relevant, as it is their
connection to demand and supply conditions. In-
formation may be affected by a higher or lower de-
gree of uncertainty and subjectivity.
Together, all the above factors contribute to
decision data. On the other side, firms express
their objectives and translate them into selected in-
vestment criteria. Applying investment criteria to
decision data yields decisions, which in turn trans-
late into investment expenditure. This modifies the
business environment and the cycle resumes.
This framework may form the basis of several
considerations related to investments, all of which
are strictly connected to the identification of in-
vestment determinants. First, it shows the interac-
tion between firm decisions and other firms’ (and
consumers) decisions via the business environ-
ment. This interaction happens via demand and
supply conditions that affect expectations and de-
cisions concerning farm investment. In turn, invest-
ment choices affect the business environment. This
interaction between the micro and the macro level
may take different forms depending on the chain
structure. For example, farms may be vertically in-
tegrated in the food-processing stage and may co-
operate in buying inputs or selling outputs through
horizontal integration. Second, this information
must match the firm’s objectives and related crite-
ria for investment selection. These objectives may
be various and are related to the nature and struc-
ture of the decision-making entity. Third, evidence
(see below) supports the idea that the investment
decision is a process within which information
processing is a major issue. Information is not an
objective issue; rather, information sources and
In
ve
st
m
en
t b
eh
av
io
ur
 in
 c
on
ve
nt
io
na
l a
nd
 e
m
er
gi
ng
 fa
rm
in
g 
sy
st
em
s 
un
de
r 
di
ffe
re
nt
 p
ol
ic
y 
sc
en
ar
io
s
25
format are selected on the basis of investment cri-
teria. For example, expectations and preferences
for different kinds of investment may already con-
centrate the collection of information on the fea-
tures of a subset of all available investment
options.
While Figure 3 focuses on the interaction be-
tween prices, policies, and decision makers in de-
termining investment behaviour, this is not the
whole story. In particular, technical change and in-
novation play a major role as a driver of invest-
ment. Agricultural technology has witnessed
impressive changes over the last 50 years, with the
substitution of labour by and capital.
Finally, the figure is oriented to represent
firms’ behaviour; however, it could be further ex-
tended to consider the rural household as the de-
cision-making unit. Narrowly speaking, taking the
household as a reference would require the revi-
sion and enlargement of the objectives that are rel-
evant to decision making. In a much broader view,
households would be required to connect to the
framework with the widest economic, social, and
demographic context within which opinions, val-
ues, and human resources are formed.
2.1.3. Basic economic representations of
firm-level investment decisions
A substantial literature has addressed invest-
ment behaviour at the sector-level. Microeco-
nomic theory and the theory of firms have paid
relatively little attention to investment behaviour
compared to other issues such as price formation
and other fields of economic theory such as
macroeconomics (Hay and Morris, 1991). For a
long time, investment was to a large extent dealt
with almost exclusively in macroeconomics. A
neoclassical theory of firm investment behaviour
was developed during the 1960s, in particular by
Jorgenson (1963, 1967). The literature on the issue
grew exponentially during the 1960s and 1970s.
Agricultural economics literature on investments
saw an increasing number of contributions, partic-
ularly from the mid-1990s (e.g. Chavas, 1994; Abel
and Eberly, 1994; Cf. infra section 2.2).
As stated above, there are at least two inter-
linked dimensions of capital: capital stock and
variation in capital stock over time. These two di-
mensions are connected as follows:
(2.1)
where:
δ = depreciation rate;
Ι = investment;
Κ = capital stock;
t and t-1 refer to time t and time t-1, respectively.
The depreciation rate can be interpreted in
different ways depending on the micro or macro
context and the kind of information available. In a
macro context, or when using accounting informa-
tion, the depreciation rate can be interpreted as the
(legislation-driven) depreciation rate used for ac-
counting purposes. This is different from the actual
depreciation rate determined by the lifetime of
capital goods in the production process. The latter
is the most commonly used interpretation of in mi-
croanalyses conducted from a strictly technical
perspective.
In a static framework, the problem of invest-
ment behaviour can be identified as that to define
the optimal capital stock. Optimal capital stock de-
pends on the (instantaneous) production function
of capital stock, the prices of products, and the
cost of capital. Simple optimality conditions re-
quire the following (Hay and Morris, 1991, follow-
ing Jorgenson, 1963, 1967):
(2.2)
where:
c = cost of capital/investment;
dK = change in capital stock;
p = product price;
dQ = change in production due to a change in
capital stock.
This formulation states that optimal capital
stock occurs when the marginal productivity of
capital is equal to the ratio between prices of prod-
ucts and cost of capital4. It is relatively common
that actual capital stock differs from optimal stock.
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represent movement from a couple of points to another on the production function of capital rather than in a dynamic sense (changes
represented in the formula are not changes over time).
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Investment may be seen as an attempt by the firm
to fill the gap between actual and optimal capital
stock by moving the capital stock toward the opti-
mal size. A large branch of the literature on invest-
ment is devoted to explaining the way in which
investment decisions are connected to the per-
ceived optimal stock and how this adaptation oc-
curs over time (see Section 2.2).
Investment is generally defined above as an in-
crease in capital stock. When investment occurs,
money is usually used to buy capital goods that
serve the production process along their lifetime.
This is related to the idea of investment as an antic-
ipated cost aimed at gaining returns in the future.
This feature is the basis for the micro-foundation to
this topic, expressing a firm investment decision in
terms of the discounted cash flow: the net present
value model. The discounted-cash-flow approach
enables calculation of the net present value, the in-
ternal rate of return, and other indicators.
The net present value represents the value of the
investment for the firm; it is obtained as the sum of
discounted cash flows over the period within which
the investment is expected to produce its effects:
(2.3)
where:
NPV = Net Present Value;
n = lifetime of investment;
t = time t= 0, 1, …, n;
At = net cash flow at time t, calculated as the dif-
ference between revenues and cost for each time
period;
qt = discount factor, equal to 1+r, with r being the
discount rate.
Investment profitability depends on the mag-
nitude of discounted returns, i.e., it decreases with
initial asset price and capital cost and increases
with net cash flows. The profitability of investment
is higher with lower discount rates.
The internal rate of return is the discount rate
that produces a zero NPV. It represents the return
on the capital cost generated by the investment.
The internal rate of return considers a different per-
spective than that of NPV, as profitability is as-
sessed based on a comparison of the value of the
parameter and the weighted average cost of capi-
tal. The two criteria are not equivalent.
Taking the farm/household perspective leads
to an expansion of the decision problem over a
number of possible investments that can be com-
bined with different production activities and im-
plemented at different points in time. This decision
problem can be represented as a dynamic optimi-
sation problem over time. To generalise the repre-
sentation, t is expanded to infinity and the
variables in the decision-making function can be
treated as stochastic, mediated by expectations:
(2.4)
subject to (2.1).
where:
Et = expectation operator based on the subjective
probability distribution of future outcomes;
Ft(Kt ,c;) = flow of receipts of the firm, expressed
as a function of capital stock, cost, and, if rele-
vant, other variables.
The basic determinants of investment behav-
iour are included in this representation, i.e., capi-
tal productivity and costs, the discounting factor,
and the expectation operator. In principle, any part
of the receipt function (prices, technology) and the
discount rate can be considered to be stochastic.
The result of the optimisation is an optimal
path of investment over time. This formulation can
be further qualified on at least two points (see Sec-
tion 2.2). First, the content of the receipt function is
not defined and can be specified in different ways
depending on the approach taken, particularly the
approach taken for the investment component. Sec-
ond, the maximisation assumes a profit-maximising
behaviour and should be substituted by some util-
ity function when objectives other than profit are
considered. This possible extension may involve
changes in the content of the output flow Ft(Kt,c;),
where monetary receipts are no longer sufficient to
support an evaluation of the investment outcome
and additional indicators are necessary.
2.1.4. Determinants of farm investment
behaviour
This section provides a basic summary of find-
ings from the literature in terms of the ex-post empir-
ical importance of the different determinants of farm
investment behaviour. Explanations, theories, and
mechanisms are discussed in the following sections.
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The issue of determinants of farm investment
behaviour is one of the most complex in the liter-
ature. Figure 1 and Section 2.1.3 are sufficient in
illustrating the vast number of factors that may af-
fect farm decision. An additional element of com-
plexity is that factors that affect capital stock may
differ significantly from those that affect changes
in such stock (investment), despite the fact that
the two variables are connected (Hay and Mor-
ris, 1991). For example, changes in capital stock
may be affected by the initial stock itself at a
given point in time, as well as temporary credit
constraints, while capital stock may depend on
long-term trends in determinants.
A number of studies have been dedicated to
the empirical ex-post analysis of factors that af-
fect investment behaviour. The most common ap-
proach is to estimate the effects of explanatory
variables on the decision taken by farmers with
the aid of econometric techniques (e.g. Elhorst,
1993). Table 1 summarizes the main findings of
selected (and non-exhaustive) studies in this field,
in terms of both explanatory and dependent vari-
ables.
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Table 1 – Factors affecting investment behaviour
Legend: + = higher values encourage investment; - = lower values encourage investment; x = relevant but non-di-
rectional. Only significant variables are shown.
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First, it is important to note the great variety
of dependent variables, ranging from capital com-
position to proper investment and composition of
investment. These dependent variables may be ba-
sically connected to the different components of
Equation (2.1) (capital stock or investment at differ-
ent points in time), possibly with some qualifica-
tion about the type of capital good (e.g. machinery,
buildings).
The determinants found in the literature relate
more directly to Equation 2.4. They can be quali-
fied as technical (investment characteristics, farm
characteristics, technical change) or economic
(product markets, factor markets, policy) factors that
affect the dynamic outcome of investment. In addi-
tion, an important set of variables concerns house-
hold characteristics and farmers’ attitudes5. These
variables may be interpreted either as affecting re-
source availability (labour) or, most importantly, de-
termining the subjective evaluation of the outcomes
of Equation 2.4 in terms of expected flows of utility
derived from the effects of investments.
Investment characteristics can be interpreted
in a variety of forms (see Section 2.1), but the lit-
erature usually only distinguishes investments ac-
cording to their technical nature (land, buildings,
and machinery) or according to their on-farm vs.
off-farm nature. These distinctions are always rele-
vant when considered (i.e., differ in terms of reac-
tion to explanatory variables), although this is
commonly favoured by the design of the survey
(e.g. different functions are estimated for different
types of capital goods).
Farm characteristics may include size, location
(relating to issues such as soil and climate), type of
farming or farm specialisation (prevailing farming
activities that characterize different groups of farms),
labour availability, and existing capital stock. The
literature on investment also points to issues related
to the financial characteristics of farms, such as
debt/asset ratio. All of these variables appear to be
generally significant, although commonly with con-
tradictory signs. Location may affect investment in a
variety of ways, such as indirect effects on other de-
terminants (e.g. yields, specialisation). Labour and
land confirm their prevailing character of comple-
mentarity with capital, as they are positively corre-
lated with investment. In contrast, land appears to
be negatively correlated with off-farm investment.
The generally widespread availability of some cap-
ital goods tends to encourage further investment in
other capital goods while discouraging investment
in the widely available good (e.g. farms with high
land availability invest in buildings and machinery,
but not in land). Specialisation, debt asset ratio, and
yields may push investment in different directions.
As expected, profitability generally tends to encour-
age investment.
Product market, represented by price levels, has
a uniform positive effect on investment, as expected.
Factor markets may include capital, labour,
and land markets. Relevant variables are the price
levels of factors and availability. For factors that
may be either supplied by the household or from
outside sources (e.g. capital, labour), different op-
portunity costs are also relevant. Capital markets
are also a key issue in the literature, including cost
of capital services, interest rates, equity yields, de-
preciation, replacement costs of capital. The liter-
ature mainly focuses on capital costs and interest
rates, land prices, rental prices for buildings and
machinery, and prices of variable inputs. In this
case, the signs are all consistently negative, al-
though with a number of exceptions that can to
some extent be attributed to unsatisfactory features
of the model (Thijssen, 1996).
Policies affect product and factor markets via
measures that are more strongly (e.g. price sup-
port) or less strongly (e.g. single farm payment)
coupled. They may also provide direct support to
investment (e.g. some measures of the ‘second pil-
lar’ of the current CAP). Finally, they affect
saving/consumption decisions through general tax-
ation. The literature reported in Table 1 does not
attribute major importance to policy variables;
however, government farm payments are found to
be a relevant determinant in terms of discouraging
off-farm investment.
Among other issues, technology plays a major
role, with higher rates of technical change having
a positive effect on investment; however, most pre-
vious studies do not consider this issue because it
requires extended time series that are generally un-
available.
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5 Attitudes represent patterns of consistent behaviour or preferences expressed by individuals. More formally, they are the results of the de-
gree of trust or subjective probability concerning an event multiplied by the probability that such event happens (Lynne et al., 1988).
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Household characteristics may include a
number of components: gender, age, education,
presence of successor, and household wealth.
These variables show consistent behaviour across
different studies. Age and education appear to be
the most relevant variables in this group. The differ-
ent signs taken by age may reflect non-linearities in
the age–investment relationship; however, the lit-
erature generally confirms that older farmers tend
to invest less. Increasing levels of education ap-
pear to encourage greater investment, while off-
farm income (labour) discourages investment.
Farmers’ attitudes, mainly in terms of risk
aversion, attitude towards savings and investment,
and attitude towards specific technologies, are
considered to be important in some of the litera-
ture on investment behaviour, but do not appear
in the majority of literature that makes ex-post en-
quiries into the determinants of investments.
2.2. Topics in the economics of in-
vestment behaviour
2.2.1. Overview
Economic literature dealt with the issue of in-
vestment behaviour under different perspectives,
with a number of cross-cutting issues. For this rea-
son, it appears to be particularly difficult to provide
a consistent summary of the different perspectives.
In this section, some of the main branches of the lit-
erature related to investments are examined and
classified under the following topics:
1. Multiple objectives of investment decisions
(Section 2.2.2)
2. Farm perspectives (technology and informa-
tion):
• Asset fixity and adjustment costs (2.2.3)
• Asset specificity, transaction costs (2.2.4)
• Uncertainty and information (2.2.5)
• Farm structure (2.2.6)
• Technical change (2.2.7)
3. Household perspectives
• Household characteristics of interest (2.2.8)
• On-farm vs. off-farm investment (2.2.9)
• Labour allocation (2.2.10)
4. Finance perspectives: credit constraints and
portfolio (2.2.11)
5. Other issues (2.2.12)
The first point relates to the objectives that
drive investment behaviour, the related problem of
the subjective perception of investment outcomes
and their economic representation, and modelling,
i.e., the way the outcome of Equation 2.4 is per-
ceived by the decision maker in evaluating invest-
ments opportunities such as those shown in Figure
3. The second point is concerned with farm-level
issues in terms of investments that involve, in par-
ticular, the technical, economic, and informational
characteristic of investment. This basically involves
an elaboration of the contents of Equations 2.1 to
2.4 in the treatment of their components and vari-
ants. The third group of issues concerns the house-
hold perspective on investment. This involves
reading the previous two points from the perspec-
tive of the rural household, including household
characteristics that determine investment behav-
iour and resource (labour and capital) allocation
both on- and off-farm. The fourth point concerns
the financial perspective on investment and deals
mostly with financial constraints that determine
the outcome of Equations 2.1 and 2.4. In particu-
lar, this includes credit issues and portfolio analy-
sis. A number of remaining issues are dealt with in
point 5.
2.2.2. Objectives of investment decisions
Most work on investments is based on a sin-
gle criterion, i.e., profit maximisation; however,
the insight that decision-makers may pursue ob-
jectives other than profit maximisation is well es-
tablished in the agricultural economics literature,
including a wide literature on quantitative instru-
ments to support decision-making under multiple
objectives (Romero and Rehman, 2003). Some of
these objectives (e.g. firm expansion and
debt/asset ratio management) may be thought of
as intermediate objectives in a strategy that (espe-
cially within a long-term framework) may still be
thought of as driven by a profit-maximising objec-
tive; however, their explicit consideration as dis-
tinct objectives may be driven by an attempt to
provide a representation that is closer to the cog-
nitive position of the decision makers; one that
looks at future outcomes via proxies. Others ob-
jectives may be derived from individual objectives,
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possibly in contrast to the economic results of the
firm. Examples of the latter may be managers’ own
objectives in large firms (wages, fringe benefits,
number of staff), or personal attitudes and house-
hold objectives in small family firms such as most
agricultural holdings (preferences for farm work,
leisure, household consumption, use of farm for
residential and hobby purposes).
Among objectives other than profit that are
treated in the investment literature risk reduction
(i.e. risk-averse behaviour) is the most common.
Risk as the main non-profit objective is a well-es-
tablished issue in economics and agricultural eco-
nomics literature, particularly in relation to farm
management and farm finance issues (Barry and
Stanton, 2003). When applied to investment-be-
haviour issues, risk aversion becomes particularly
relevant due to the long-term effects of decisions,
which can potentially amplify the variability and
reduce the predictability of outcomes, and the ex-
tent of irreversible costs. Risk-related considera-
tions also support some of the main branches of
risk-related literature, i.e., portfolio theory.
Different approaches to risk representation are
provided in the literature; however, they may pro-
duce contrasting results (e.g. Nelson and Es-
calante, 2004; Fleming and Sheu, 2000).
Despite the large literature available, Just and
Pope (2003) note that the understanding of risk-re-
lated behaviour is largely unsatisfactory. While em-
pirical work provides evidence that farmers are
“risk-responsive”, it is unclear as to what extent
risk response is due to proper preferences (risk
aversion), technology characteristics/decisions that
lead to non-linearities, physical constraints, or fi-
nancial asymmetries.
To deal with further household-oriented objec-
tives, Wallace and Moss (2002) present a recursive
strategic (dynamic) weighted goal-programming
model, including adaptive expectation formation,
where household consumption objectives are medi-
ated with farm expansion and other farm-related ob-
jectives. Contrary to most of the literature in this
field, they also cast the problem in a dynamic frame-
work and include investment concepts among the
objectives.
Despite the fact that the adopted objectives may
be interpreted as proxies of long-term profit maximi-
sation, the adoption of a multiobjective framework
can help in dealing with the non-separability of
some on-farm or off-farm resource allocation or
product consumption and the perceptions of the
farmer that drive his final utility objectives through
intermediate objectives.
Wallace and Moss (2002) demonstrate that
different farm households attribute different
weights and have different abilities to reach key
goals concerning farm profitability, family con-
sumption, farm investment, farm growth, and cash
flow. Taking the view of the farm household, the
trade-off/complementarities between consumption
and financial objectives appear particularly signif-
icant. In addition, different objectives structures
can be traced back to different stages of the family
life-cycle and farm structure.
Preferences for on-farm vs. off-farm labour
have been studied previously (see Fall and Magnac,
2004) and can be expressed using an adequate ob-
jective structure. Among other recent literature on
this issue, Martins and Marques (2006) developed a
model of investment in soil tillage technologies
using a compromise programming approach that
takes risk behaviour into account.
Stirn (2006) provides an example of the inte-
gration of multicriteria techniques (fuzzy analytic
hierarchy process) with dynamic programming in-
volving investment (forests), but assuming a public
view of the decision-making problem, i.e., using
social rather than private objectives.
2.2.3. Asset fixity and adjustment costs
The divergence between actual and optimal
adaptations of capital stock (Section 2.1.3) and the
sluggishness involved in the adaptation of capital
over time have been explained using different ap-
proaches. Following Gardebroeck and Oude Lan-
sik (2004), it is possible to classify the investment
literature under two broad branches:
• those studies based on adjustment costs;
• those studies based on asset fixity.
The two approaches are combined in Abel
and Eberly (1994), who present a unified model of
farm investment under uncertainty, including both
farm adjustment costs and irreversibility.
Adjustment cost theory has been the main ap-
proach used since the early literature on invest-
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ment to explain why firms in each period only par-
tially adapt their capital stock (i.e., invest) to the
optimal capital stock. This difference can be mod-
elled using adjustment coefficients determined by
adjustment costs. Following this rationale, gross in-
vestment can be represented as follows (Hay and
Morris, 1991, p. 445):
(2.5)
where:
β = share of optimal change in capital stock;
δ = depreciation rate;
It = investment at time t;
K*t = optimal amount of capital stock;
Kt-1 = capital stock at time t-1.
In this model, gross investment is a function of
(i) depreciation, i.e. of the difference between op-
timal capital stock and the capital stock already
available at time t-1, and (ii) the coefficient of op-
timal change in capital stock.
Adjustment costs are one of the most complex
issues in the investment literature, as a number of
interlinked factors can affect their size (e.g. trans-
action costs, existing investment, financial struc-
ture of the firm, location). The important
assumption made by the literature is that adjust-
ment costs are convex in investment for each time
period. This assumption is used by many authors to
explain and model why firms prefer to spread in-
vestment over time. Although this is not the only
possible rationale that can be employed to delay
adjustment, it may be useful from an analytical
point of view because it allows non-linear optimi-
sation with a unique global optimum. However,
the convexity of adjustment cost is debated in the
literature (see Hay and Morris, 1991, p.443 for a
discussion of the reasons for and against convex-
ity in adjustment costs).
Asset fixity is determined by the difference be-
tween the cost of capital acquisition and the sal-
vage price of capital. Since the early literature, it
has been hypothesised that the farmer invests if the
on-farm value of a productive asset (i.e., the NPV
in Equation 2.3) is higher than the purchase price;
conversely, the farmer will disinvest if the on-farm
value of a productive asset is lower than its selling
price. When the cost of capital purchase and sell-
ing are different, this provides a rationale to ex-
plain investment, disinvestment, and immobility
(when the on-farm value of capital is intermediate
between the purchase and selling prices). The dif-
ference between prices may be related to transac-
tion costs that are directly connected to selling and
purchasing factors, as well as to incompleteness in
the asset market (De Waegenaere et al., 2002). Ex-
amples for specific kinds of investments can be
found in the literature (e.g. see Carey and Zilber-
man, 2002, for irrigation technology) (see also Sec-
tion 2.2.4).
Asset fixity reflects the cost of capital deter-
mined by the following equation (Chavas, 1994):
(2.6)
where:
C = cost of capital;
I+t = investment;
I -t = disinvestment;
st = purchase price of capital;
St = selling price or unit salvage value.
Following Gardebroek and Oude Lansik
(2004) (on the basis of Chavas, 1994 and Abel and
Eberly, 1994), the problem of combining adjust-
ment costs and asset fixity can be defined as max-
imising (Equation 2.4) subject to (Equation 2.1.),
with a further set of constraints qualifying certain
components of Equation 2.4:
(2.7)
(2.8)
(2.9)
(2.10)
where:
y = production function;
pt = output prices;
zt = vector of fixed inputs;
xt = flow of inputs;
wt = vector of input prices;
ψ = adjustment cost function.
In Equation (2.7), the flow of receipts in the
presence of investment is given by the receipts from
production (expressed as a function of variable,
quasi-fixed, and fixed inputs) minus the cost of vari-
able inputs and adjustment costs, minus investment
costs, plus receipts from disinvestment. The remain-
ing (dis)equations simply state that net investment
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is equal to the difference between investment and
disinvestment, that inputs cannot be negative, and
that in each period it is not possible to disinvest
more than the initial capital stock minus deprecia-
tion. Decision variables are investment and variable
inputs. Both F(·) and ψ (·) can be assumed to be con-
vex functions (quadratic in the specification as-
sumed by the authors), enabling a solution to the
maximisation problem in Equation 2.4.
This model can be further qualified. For ex-
ample, Gardebroek and Oude Lansik (2002) stud-
ied how adjustment costs are differentiated among
farmers. Previous studies have also provided evi-
dence of asymmetric behaviour with respect to
phases of market expansion and contraction (e.g.
adjustment costs vary with the direction of change)
(Pietola and Meyers, 2000).
Sunk costs, irreversibility, and asset fixity in-
teract with the objective discussed in Section
2.2.2. For example, sunk costs and risk may lead to
specific strategies such as investment in human
capital and insurance (see Barham and Chavas,
1999).
2.2.4. Contracts, investment, and informa-
tion asymmetries
Investment issues have a profound effect on
at least some branches of contract theory. The ex-
plicit consideration of contract theory in invest-
ment studies is less common but equally relevant.
A general discussion of the issue, with empirical
examples, is given by Bogetoft and Olesen (2004).
Integration and production under contract is a con-
dition that is attracting increasing attention in agri-
culture as the share of production under contract
becomes increasingly important. Typical examples
are on-farm investments connected to production
contracts (such as livestock, industrial crops). Ver-
tical and horizontal integration of farms may play
a highly specific role in investment. In particular,
investment incentives may become stronger for
farms engaged in long-term contracts, while ac-
cess to credit may be easier for “integrated” farms.
There are at least three different issues con-
cerned with investment and contract theory:
• the hold-up problem;
• the horizon problem;
• the portfolio problem.
The hold-up problem arises when a specific
investment is associated with an incomplete con-
tract, i.e., not all possible rules dealing with all
possible future events are included in the contract.
In this case, when renegotiating the contract, the
asset specificity causes the value of the investment
in the existing contractual relationship to be higher
than that in other contractual relationships. This
provides incentives for the agent to stay in the re-
lationship and offers the contractor opportunities
to reduce payments to the farm once the invest-
ment has been carried out (hold-up). In some
cases, the incompleteness of the contract setting
may arise from incomplete definitions of property
rights in the output. This involves additional costs
to competitors related to appropriate outputs and
affects the profitability of the investment (e.g. see
Konrad, 2002).
The horizon problem is related to the degree
of consistency between contract duration and the
time period of the investment. When the former is
shorter than the latter, an incentive to under-invest
(i.e., an investment that is less than optimal) oc-
curs.
Finally, portfolio problems arise when the
farm chooses among different investments whose
returns are positively correlated. In this case, the
farm may under-invest because of motives related
to risk reduction (see Section 2.2.2). 
Investment specificity and incomplete con-
tracts are key concepts in determining transaction
costs and related institutional forms (Williamson,
1985, 1996). Coriat and Weinstein (1995) provide
a general overview in relation to the modern the-
ory of the firm.
As asset specificity and complexity are distin-
guished features of agriculture, the above prob-
lems may play an important role in the economics
of the sector. This field of research tends to con-
centrate on in-depth analyses of those factors that
affect the different forms of governance concerning
the use of assets (e.g. ownership vs. rent). Allen
and Lueck (2002) provide a detailed example con-
cerning different farm assets in US agriculture.
An important determinant of farm investment
behaviour connected to contract issues is the
tenure regime. Short-term leases are associated
with increased uncertainty. Eliminating such a
threat will increase the subjective pay-off from
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long-term investments and thereby the farmer’s
willingness to undertake them. The tenure security
issue has been addressed in the settings of both de-
veloping (e.g. Besley, 1995) and developed
economies (Allen and Lueck, 2002).
2.2.5. Uncertainty and information
Uncertainty and information are key issues in
investment decision-making. A wide branch of
economic literature is concerned with the prob-
lem of uncertainty, also providing different con-
cepts and a definition. A basic distinction provided
by Knight (1921) is that between “risk”, defined as
a situation where an individual is able to assign
objective probabilities to future events, and “un-
certainty”, which refers to a situation in which no
objective probabilities can be attached to future
events and only possible alternative outcomes are
identified. Much of the recent literature disregards
this distinction and argues that risk and uncertainty
mean the same thing, as truly objective probabili-
ties are never possible (Hirshleifer and Riley,
1992). The distinction proposed by Knight is often
substituted by the use of subjective probabilities,
i.e., degree of belief in a future outcome (Savage,
1954). This also appears to be the concept that is
most commonly used in the investment literature
that relies largely on expectations formulated as
subjective probability distributions of future out-
comes of a stochastic process. This concept may
also support a connection with the improvement
of expectations over time and with learning.
Uncertainty may originate from a number of
different sources. Obvious examples concern
yields, product, and factor markets and policy (see
below). Technical performance and duration of in-
vestments may also involve a degree of uncer-
tainty.
The literature on investment-related uncer-
tainty flourished in the 1990s; see Carruth et al.
(2000) for a review. The general result obtained
from these studies is that increasing uncertainty
can lead to reduced investment. Carruth et al.
(2000) conclude that, despite the varied ap-
proaches and mathematical formulations, the na-
ture of the adopted methods mean that caution is
required in interpreting the results, as they com-
monly show only moderate reliability. However,
as the effects of uncertainty appear to be signifi-
cant, their omission would lead to the underesti-
mation of an important component of decision-
making behaviour.
Uncertainty and irreversibility were largely
absent from empirical literature on farm invest-
ment until the end of the 1980s, despite the fact
that the theoretical foundation for such concepts
had already been developed (Purvis et al., 1995).
OECD (2005a) argued that almost no economet-
ric studies of investment in agriculture simultane-
ously incorporate both dynamics and uncertainty
considerations. This may be due to the fact that
such a combination is extremely demanding in
terms of data and methodologies; however, at least
some stochastic dynamic simulation exercises are
available from the literature using programming
models (see below).
An important stream of literature on uncer-
tainty is concerned with the application of real op-
tions theory, following Pindyck (1991) and Abel et
al. (1996). Real options address the issue of the
choice of investment timing. At each point in time,
a decision maker will evaluate the option to invest
against the option to wait, using an attached value.
The investment will only be carried out when the
value of the investment at time t is sufficiently high
to overcome the value of waiting. Bowman and
Moskovitz (2001) discuss the limitations of the real
option approach when used in quantitative stud-
ies to support strategic decision-making.
A specific issue connected to an uncertain
and incompletely informed environment is the
learning process. The concept of optimal capital
stock associated with adjustment coefficients on
lagged variables was used in early works on farm-
level investment paths (Trevena and Keller, 1974).
More recently, a more explicit modelling of the
process of learning has been attempted. For exam-
ple, Li and Weinberg (2003) use the contrasting
learning process between small and large firms as
a means of explaining the difference in investment
volatility among firms.
Uncertainty and information issues may be
closely connected to efficiency issues. The litera-
ture on efficiency frontiers, e.g. based on Data En-
velopment Analysis (DEA), supports the idea that a
large part of the farming community is not techni-
cally or economically efficient. Different reasons
can be used to explain such sub-optimal behav-
iour, including transaction and learning costs, mul-
tiple objectives, time lags, and asset fixity.
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2.2.6. Farm structure
Farm structure is an important independent
issue in agricultural economics, mainly in relation
to farm size (expressed as land). Farm structure can
also be viewed from other perspectives such as the
economic dimension. This classification option is
also highlighted by the FADN, which uses Eco-
nomic Size Units (ESU) to organise accounting re-
sults.
Farm size is the main aspect of farm structure
that the literature connects to investment. Land
markets are important from this perspective be-
cause farmland acquisition and entry–exit from the
market determine changes in farm structure in
terms of physical size (Ahearn et al., 2005). A re-
cent review of the literature on the land market is
provided by Le Mouel (2004), while Balkhausen
and Balse (2004) provide a review of related mod-
elling approaches. Various studies have attempted
to explain farm structure with respect to a number
of determinants that are to a large extent the same
as those that affect investment (e.g. see Atwood et
al., 2002). The fact that determinants for invest-
ment and farm structure may to some extent coin-
cide is not surprising, as land and capital are to
some extent complements and land itself is com-
monly included among investment options. Con-
sequently, much of the reasoning concerned with
farm structure is also applicable to explaining the
choice of capital stock.
Farm structure can also be used as an ex-
planatory variable for investment. For example,
Feinerman and Peerlings (2005) analysed how
farm investment is affected by uncertainty con-
cerning the amount of land available to the farm.
Uncertainty about land availability arises from dif-
ficulties in predicting the supply of land on the
market, especially in relation to the probability of
quitting by neighbouring farms. Farm size has also
been examined in relation to policy, either ex-ante
(Henningsen et al., 2005) or ex-post (Ahearn et al.,
2005).
2.2.7. Investment and technical change
There is an unsurprising affinity between the
literature on technical change and literature on in-
vestment. While the former focuses more on the
“qualitative” aspects of technology, the latter fo-
cuses more on the process of value accumulation.
Technical change literature often involves the ac-
quisition of assets that are investments in nature. It
tends to focus on factors that affect technology
profitability (e.g. location, farm structure), the tim-
ing and attitude towards innovation of different
farmers (e.g. age), and the production effects of
technology change (e.g. physical production, mon-
etary benefits). The process of adoption of new
technologies has been widely discussed in the lit-
erature. Gimenez (2006) emphasise the impor-
tance of technology acquisition and learning costs,
the speed of the innovation process, and expecta-
tions of future technological development.
Feichtinger et al. (2006) used an optimal con-
trol model to elaborate on the connection between
the changing productivity of capital, learning, and
the investment process. They showed that learning
may explain why firms invest in older technologies
even when more efficient ones are available. This
also helps to understand why machinery is older
(on average) during recessions. They also show that
under conditions of rapid technological develop-
ment, investment is faster, although more sensitive
to output price.
Investment-specific technological changes
(i.e., aspects of technical progress bound to spe-
cific investments) are estimated to account for ap-
proximately 30% of output fluctuation in the
post-WWII US economy (Greenwood et al., 2000).
Although these results are not specific to farming,
they corroborate the need for a joint understanding
of investment and technological change behav-
iour; however, the agricultural economics litera-
ture provides few examples of attempts to connect
the two perspectives, even though the methods
and contents commonly overlap. For example, As-
seldonk et al. (1999) incorporate technical change
in a dynamic programming model used to deter-
mine optimal investments in information technol-
ogy on dairy farms. Recent examples are provided
by studies that consider the adoption of precision-
farming, one of the potentially significant contem-
porary avenues for technology innovation (Batte
and Arnholt, 2003; Khanna, 2001).
An important point highlighted by a number
of papers on technical change is the problem of
representing the joint decision of technology adop-
tion and land allocation (i.e., crop mix). In this re-
gard, Moreno and Sunding (2005) provide an
example concerning irrigation technology.
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A specific issue connected to technical
change is the shift towards environmentally
friendly technologies or conservation activities. For
example, Kerselaers et al. (2005) presented a math-
ematical programming model, including invest-
ment cost, that simulates the economic potential
of conversion to organic crops. This example rep-
resents a case of conservation technologies that re-
quire relevant investment cost due to the shift from
chemical to mechanical weed control.
2.2.8. Household characteristics of interest
It is recognised in the economic literature that
capital structure and investment decisions are af-
fected by the interplay of social, family, and finan-
cial factors. Romano et al. (2001) provides a wide
(and non-agricultural-specific) framework of the
interplay of different variables and the resulting im-
pact on capital structure. This problem is well un-
derstood in the agricultural economics literature,
where several factors related to households are
used to explain investment behaviour (see Section
2.1.4).
The mechanisms through which household
characteristics affect investment behaviour are
often connected to the choice of the household as-
sets portfolio and household labour allocation (see
the following sections), as well as the farmers’ ob-
jectives discussed in Section 2.2.2.
One of the main household characteristics
concerned with investment is the household life-
cycle. By life-cycle we mean the different stages of
the evolution of the household composition, i.e.,
from young and single to young and married and
finally old and married or old and single. A com-
monly used proxy of household life-cycle is the
farmer’s age (Andersson et al., 2005; Gardebroeck
and Oude Lansik, 2004; Elhorst, 1993; Ahituv and
Kimhi, 2002; Serra et al., 2004). Andersson et al.
(2005) found that age is the single most important
(positive) determinant of the share of on-farm in-
vestment of total investment; however, the effect
of age on investment is not linear. In an economet-
ric model applied to a sample of Israeli farms, Ahi-
tuv and Kimhi (2000, 2002) examined the
connection between off-farm labour, family life-
cycle, and investment. They found that the maxi-
mum capital accumulation is achieved by farmers
of approximately 45 years of age. Farmers with a
full-time job off the farm tend to anticipate this
time, while farmers who are devoted exclusively
to farming tend to continue capital accumulation
for longer, often up to the end of their working life.
Key complementary variables also include the
presence of a successor and to some extent educa-
tion (Gardebroeck and Oude Lansik, 2004; Ahituv
and Kimhi, 2002).
2.2.9. On-farm vs. off-farm investment
Off-farm investment is a growing issue in the
literature. This is justified by:
• the fact that many farms are conducted by
pluriactive households living in rural areas;
• the fact that off-farm financial assets are a
good way of reducing risk, as their return is
not correlated with on-farm returns.
The choice of off-farm vs. on-farm investment
may be seen as a special problem related to the
wealth composition of farm families. While the
broader issue is mostly relevant to rural develop-
ment and general income policy (e.g. Bowles and
Bosworth, 2001), off-farm investment is directly
relevant in addressing the connection between
household savings and changes in capital stock.
Serra et al. (2004) presented an econometric
model of farm households’ off-farm investment.
The authors found that variability in farm income
leads to increased off-farm investment, suggesting
that off-farm assets are used as farm risk-manage-
ment tools. The choice is further dependent on a
number of other variables. In particular, highly di-
versified farms and those expecting large govern-
ment payments are associated with lower off-farm
investment. Wealth, farmer’s age, and farm size af-
fect the composition of off-farm investment.
Household income is also invested differently de-
pending on the source of the income and the re-
turn rates of the different investment alternatives.
Andersson et al. (2003, 2005) discuss the issue in
connection to off-farm labour.
Off-farm investment may also be related to
agriculture activity. In fact, the accumulation of off-
farm capital to produce services for farms is a
major aspect of many agricultural systems. Small-
size farming structures found in large parts of the
EU favour the establishment of forms of “co-oper-
ative capital stocks” whereby formal legal entities
own machinery or buildings. Investment in coop-
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eratives is an issue that is specifically treated in the
literature, particularly in connection to the effi-
ciency of investment choices (e.g. see Russo and
Sabbatini, 2005).
On-farm investment that is intended to sell
services outside the farm is also an issue in many
areas; e.g. when single farmers provide services
based on capital components, notably machinery.
2.2.10. Labour allocation
Labour allocation is a key factor in farm be-
haviour, particularly as most farms are run by
households and off-farm income accounts for a
growing share of total rural household income. As
the rigidity of labour markets means that labour
decisions between on- and off-farm employment
are not separable, a major characteristic of farm-
household decisions relates to utility maximisation
via the allocation of household time to on-farm,
off-farm, household, and leisure activities.
It is straightforward to understand that invest-
ments can interact with labour allocation both
within the farm and in the choice between on-farm
and off-farm labour; however, the way that such
interaction occurs may differ markedly from one
case to another. As argued by Ahituv and Kimhi
(2002), many studies corroborate the idea that
land, labour, and investments are complementary.
For example, asset value is often an explanatory
variable for labour choices, as well as farm struc-
ture (Weiss, 1997; Ahituv and Kimhi, 2002; Mishra
and Goodwin, 1998; Kimhi and Rappaport, 2004),
although in this case it was not found to be signif-
icant. Ahituv and Kimhi (2000) demonstrated that
off-farm labour is negatively associated with farm
investment, although farmers with greater ability
are able to both work off-farm and maintain high
capital on the farm.
Many investments are a clear substitute for
labour (e.g. machinery), and such substitutability is
a key starting point of much technological change
literature. Generally speaking, while complemen-
tary effects may be expected to be more relevant in
small farms and labour-intensive systems (e.g. hor-
ticulture), substitution may be more evident in
more extensive and capital-intensive systems or in
the transition between the two. All of these find-
ings strengthen the policy relevance of a joint
analysis of labour and investment decisions.
A quantitative approach to connecting labour-
allocation choices (including on-farm vs. off-farm
labour allocation) is given by non-separable
household models. A review of farm household
models is provided by Taylor and Adelman (2003).
An extension of such models in connection to
General Computable Equilibrium models can be
found in Löfgren and Robinson (1999). Non-Sep-
arable Household models are widely used to ex-
plain the behaviour of farmers in developing
countries; however, recent extensions show that
they are also useful in gaining an improved insight
into farmer choices in the present complex rural
environment of the Netherlands, where labour and
capital flow in and out of the farm. This approach
has been used in a number of cases to evaluate
farmers’ investment behaviour as a consequence
of the 2003 EU CAP reform (Peerlings, 2005).
Andersson et al. (2003) developed a dynamic
portfolio choice model with labour income to ex-
plain asset choice when access to off-farm sources
of income leads to reduced risk. The same model is
tested in Andersson et al. (2005). Ahituv and Kimhi
(2002) also examined the effects of off-farm labour
on investment and found that farmers with an off-
farm job tend to acquire a capital stock that is some
40% lower than that of full-time on-farm workers.
In connecting investment with labour, it is im-
portant to recall that on- vs. off-farm labour is itself
a complicated issue. For example, Fall and Magnac
(2004) estimated the preferences of farmers for on-
farm labour. They found that such preferences are
significant and differ across different countries, gen-
der, age, and study level. This has implications, for
example, for the identification of the opportunity
cost of labour in household models.
In addition, the behaviour of labour shifting
outside or towards the farm is not symmetric with
respect to the direction of change. Weiss (1997)
noted that while increases in off-farm wages posi-
tively affect the increase of labour allocation out-
side the farm, decreases in off-farm wages do not
have an opposite effect of the same magnitude.
2.2.11. Credit constraints and portfolio
issues
If capital markets are perfectly competitive
and no collateral is required as guarantee by
lenders, production and investment decisions are
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independent of consumption decisions, as they
can be optimally funded according to marginal
cost and profitability of capital without being sub-
ject to any particular restrictions. The level of in-
vestment will then be decided on the basis of the
rate of return (OECD, 2001a).
In the real world, the importance of financial
constraints, as expressed by firm assets, liquidity,
and imperfect markets, is proven by most of the
empirical evidence, thereby rejecting the neoclas-
sical assumption of perfect financial markets with
no information asymmetries and transaction costs
(Benjamin and Phimister, 1997; Hart and Lence,
2004). Kuiper and Thijssen (1996) contrast neo-
classical theory of investment and empirical evi-
dence using cointegration analysis. The analysis
reveals that neglecting debt and financial con-
straints leads to wrong expectations concerning
capital growth and investment.
Bierlen and Featherstone (1998), studying the
issue of cash constraints on long-term panel data
from US agriculture, demonstrate that this issue
changes over time, with a tendency to become in-
creasingly relevant in relation to profitability and
credit conditions. They also show that the debt
level is the single most important determinant of
credit constraints.
Studies on this issue in transition economies
show evidence of imperfections in credit markets
that lead to higher costs for external funding and
that affect investment decisions. Such situations
may also be associated with asymmetric informa-
tion and differentiated access to funding across
farms (Latruffe 2003, 2004; Petrick, 2004). Access
to subsidised credit may be expected to encourage
farm investment by reducing capital cost; however,
Petrick’s (2004) study of credit markets in Poland
found that the elasticity of investment to borrowing
was less than one, implying that funds were used
for purposes other than on-farm-investment.
Financial constraints interact not only with
credit policy, but also with property-rights policy.
For example, Carter and Olinto (2003) found that
the reform of property rights6 in Paraguay did not
lead to the expected effects for small, liquidity-
constrained farmers; they continued to carry out
limited investment, mostly related to land.
A different approach, from a financial per-
spective, may arise from portfolio analysis. Exam-
ples of this approach in relation to the issue under
discussion come mostly from literature concern-
ing farm-household investment behaviour rather
than farm investment behaviour itself (Andersson
et al., 2003; Andersson et al. (2005). This is dis-
cussed elsewhere in this section.
2.2.12. Other issues
In parallel to physical capital, biological cap-
ital (breeding stock, perennial stands of trees, soil
fertility) plays an important role in agricultural pro-
duction. There are several perspectives under
which biological capital interacts with invest-
ments. First, biological capital may be a determi-
nant of investment, as it affects investment returns.
Second, biological capital may itself be viewed as
a form of capital investment. More generally, bio-
logical processes interact with farmers’ action in
determining production outcomes and uncertainty.
Integrating biological processes into eco-
nomic models is a difficult task; this may explain
why there are few empirical attempts in this direc-
tion (e.g. see French et al., 1985). Recently, at-
tempts to integrate biological aspects into
economic models have become a major task in the
economic–environmental literature connected to
resource conservation.
A wide but little-studied issue is the overall ef-
fect of investments and their characteristics on the
functioning of the economic system. For example,
investments affect production costs and the mar-
kets via changes in (equilibrium) price, and sunk
costs, irreversibilities, and asset fixity influence
(limit) the role of competitive markets in achieving
an efficient allocation of resources (Chavas, 1994).
2.3. Policy effects on investments
2.3.1.Decoupling and investment
The economic analysis of the effects of policy
reform on the farming sector is one of the richest
fields in agricultural economics. This branch of the
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literature has been stimulated by frequent reforms
of agricultural policy, particularly in Europe; how-
ever, few recent studies have focussed on the ef-
fects of agricultural policy on investment. Notably,
many studies focus on decoupling. The focus on
this issue is justified by the recent evolution of agri-
cultural policies in OECD countries away from
price support toward direct payments.
OECD (2001a, 2005b) reviewed the literature
on the expected effects of decoupling policy and
presented a mathematical formulation of decou-
pling, including connections to investment. They
note that policies may produce dynamic effects be-
cause:
• investment decisions taken in one period
(on the basis of existing policies) continue
to affect production in later years as long as
production is a function of existing capital
stock;
• farmers have expectations concerning gov-
ernment behaviour that influence their deci-
sion making; expectations particularly affect
investment behaviour, as the results of in-
vestment will be determined by the long-
term context of the policy.
Hence, the effects of policy on production,
where investments are affected, will lag in time
and be strongly related to expectations.
In his review of the literature on decoupling,
Andersson (2004) identifies at least three potential
effects of decoupling:
• a higher propensity to investment due to the
relaxing of financial constraints, particularly
in the presence of credit restrictions and im-
perfect credit markets;
• a higher propensity to consumption that
may be motivated by greater risk-free earn-
ings;
• a lower propensity to technological innova-
tion because of lower coupled incentives.
The issue of the effect of decoupling on risk is
at least twofold. In general, when the introduction
of decoupled payments is considered in itself, it
may be claimed to reduce risk. For example,
Roche and McQuinn (2004) noted that a decou-
pled payment can be regarded as a risk-free return.
Using portfolio theory applied to a choice of crop
mix under decoupled payments, they showed that
farmers that actively produce (in contrast to those
that keep some or all of their available land in an
idle state) are more likely to be willing to increase
their share of riskier crops; however, when decou-
pling is associated with a reduction in area pay-
ments or price support, the latter may lead to
higher price volatility and increased overall risk.
The balance between the two effects is to a large
extent an empirical issue. Overall, the available lit-
erature appears to corroborate with the idea that
decoupling in itself is risk-reducing, while the
overall effect of the 2003 reform will be risk-in-
creasing.
The impact of decoupling on investment will
also largely depend on the degree of imperfection
in the credit market (OECD, 2001a, 2005b). If cap-
ital markets are perfect, fully decoupled payments
will not affect investment decisions, whereas
under imperfect capital markets (e.g. a significant
gap exists between borrowing and lending rates
and/or the presence of binding debt constraints for
the farmer willing to invest) investment decisions
will be affected by all kinds of agricultural pro-
grammes that affect farmers’ income. In particular,
policies that lead to an increase in income or that
provide cash unrelated to production will translate
to a higher propensity to investment.
Recent key papers on the empirical analysis
of the effects of decoupling on investment have
been produced by the OECD. OECD (2005a) pro-
vides a non-technical summary of the findings of
OECD (2005d), later developed in Sckokai and
Moro (2006) and OECD (2005c). Both these latter
papers develop econometric models and use them
ex-ante to predict the effects of policy reforms un-
dertaken in Italy and Manitoba, Canada. The tools
used for the analyses are a structural econometric
model for Italy, based on individual profit maximi-
sation, and reduced form models with distributed
lags for Manitoba. Policies were found to have a
significant investment effect on machinery, build-
ings and equipment. The Italian case study assesses
the effect of decoupling of payments and predicts
a reduction of investment by 14%. The Manitoba
study considers the Gross Revenue Insurance Pro-
gramme (GRIP) programme, which provides pay-
ments linked to (low) prices, and the expected
effects on average prices and insurance effects for
farmers. The GRIP program in Manitoba is pre-
dicted to increase investments by 22%. The studies
also confirm the hypothesis of risk aversion. The
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risk-related effects of policy (insurance) are found
to be larger than relative price effects in Italy and
are of the same size in Manitoba; production and
wealth effects appear to be less relevant. These
studies confirm that different policy designs may
lead to contrasting effects on investment, although
no generalisations are possible in terms of the ef-
fects. The results of these studies also corroborate
the need to use models that take account of uncer-
tainty and dynamics in order to evaluate the im-
pacts of policy measures on investment.
Peerlings (2005) uses a non-separable farm
household model to evaluate ex-ante the impact of
the 2003 reforms on farmers’ investment behav-
iour in The Netherlands. The model assumes non-
separability between on-farm and off-farm labour
allocation as well as between on-farm and off-farm
investment decisions. To the best of our knowl-
edge, this is also the only example in the literature
of household production models applied to invest-
ment behaviour. The empirical model is a norma-
tive optimisation model, calibrated using data for
individual farms. The model results show that farm
payments of the 2003 CAP reform do not fully
compensate the income loss caused by the reduc-
tion in milk price. The study also finds that savings
are reduced and investment shifts from on-farm to
off-farm investment; however, decoupled direct-
income payments themselves (without any other
changes) increase savings and thereby increase in-
vestment levels for some farms (although not all).
A specific aspect of policy is how funding pro-
vided through (decoupled) state intervention is
used by farmers. Goodwin and Mishra (2005) stud-
ied this issue in connection to decoupling in the
US over a sample of over 4000 farms. They pro-
vide evidence that only about two-thirds of the
revenue from direct payments is used on the farm.
Among on-farm uses, about half is used for oper-
ating costs, while less than half (about 14% of the
total) is used for farm investment. An equivalent
amount is directed toward debt repayment and
household consumption. The main determinants
of on-farm use of decoupled payments are: farm
size (+), debt/assets ratio (+), household net wealth
(+), age (-), insurance (-), sole proprietor (-), retiring
(-), and off-farm work (-). Unfortunately, the paper
does not directly address the issue of on-farm vs.
off-farm investment; nor does it compare the find-
ings with those of other policy instruments/pay-
ments.
A relatively common issue connected to pol-
icy is structural change (see Henningsen et al.,
2005; Ahearn et al., 2005; Happe et al., 2004b).
This is relevant to the present review because, as
noted above, factors and mechanisms that affect
structural change are to a large extent the same as
those used to explain investment behaviour, and
land itself is a major component of investment.
Some aspects of structural changes, such as build-
ings and machinery, are directly connected to in-
vestment, as the components of structure are
capital goods. Other structural aspects, e.g. house-
hold structure and labour force, interact with in-
vestment decisions via preferences, resource
(labour) availability, and the (differentiated) cost of
labour. Here we focus mainly on the connection
between policy and farmland distribution.
The effects of policy on structural change are
generally found to be relevant. For example,
Ahearn et al. (2005) applied a household model to
econometrically estimate the effects of different
policies on farm structure (intended as land distri-
bution between different kinds of farms) in the US.
They found that commodity payments during the
period 1982–1996 resulted in a reduction in the
share of small farms, an increase in the share of
large farms, and an increase in farm exits. This is
consistent with the assumption that farmers use
commodity payments to expand their farms and
can be explained by the strongly asymmetric dis-
tribution of payments between different farms
(40% of farms receive payments in the US; most of
the large farms are included in this share) and
crops. This may be reasonable in the framework
adopted by the authors, where heterogeneous ac-
tors compete for a finite resource (land).
The AgriPoliS (Agricultural Policy Simulator)
model has been used to assess the impact of de-
coupling in regions of Europe (Happe and Bal-
mann, 2003; Happe et al., 2004a; Happe, 2004,
2005; Sahrbacher, 2005). AgriPoliS is a normative
spatial and dynamic model of agricultural struc-
tural development at the regional level. The model
includes a mathematical representation of farm-in-
vestment behaviour. The model distinguishes the
stage of planning, when the investment intentions
are defined, and the stage of decision. The agents
can choose among 29 investment options of dif-
ferent kinds (buildings, machinery, and facilities)
and size. The number, kind, and combination of
investments are not restricted. A farm agent will
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only invest in one object if the expected average
return on investment, determined in the farm plan-
ning problem, is positive, i.e., if total household
income increases. Each investment object has as-
sociated investment costs, maintenance costs,
maximum useful life, labour substitution in hours,
and production capacity. The same investment
may take different sizes, with implications for
economies of scale (cost) and labour saving. De-
spite the details of investment modelling, model
results available from the literature focus mainly
on structural change and not on investment behav-
iour as output. In particular, Happe (2004) shows
that decoupling may increase the average farm
size and to some extent the speed of adaptation
over time.
2.3.2. Other policies
Other policy instruments may be connected
to investment, especially tax policy, environmental
and product regulation policies, and agricultural
investment policy.
Many studies on the connection between tax
policy and investment are available in the general
economic literature. Jensen (1998) provides an ex-
ample of examining the effects of tax and depreci-
ation policy on a fishing fleet, and found it to be an
effective means of controlling the capitalisation of
fishing fleets. In terms of environmental regulation,
Weninger and Just (2002) provide an analysis of
farm dynamics and investment under a tradable
output permits policy.
One specific issue concerns the effects of in-
vestment-oriented agricultural policies on on-farm
behaviour, as such policies involve the screening
of farms that apply for funding, enabling the cre-
ation of a profile for investors. For example, Bryla
(2005) found that farmers applying for SAPARD
payments had larger and more market-oriented
farms and were younger (also due to the con-
straints posed by the programme), but did not
clearly differ from the average in terms of educa-
tion.
2.3.3. Policy expectations and uncertainty
A number of policy-related issues can be
traced back to the single fields of investment-re-
lated studies discussed in Section 3. A major as-
pect of the perception of policies is the degree of
certainty involved in future policy settings. Policy
uncertainty in itself is generally found to account
for substantial differences in long-run capital price,
investment, and output across countries and sec-
tors (Jeong, 2002). Tax-policy uncertainty has been
found to be a particularly important issue in gen-
eral economic literature on investment and capital
formation (Hasset and Metcalf, 1999; Alvarez et
al., 1998). With a focus on agriculture, Lagerkvist
(2005) investigated the effects of uncertainties in
expected policy reform on farmland investment,
with an application to Swedish farmers. Much of
the background literature summarised in
Lagerkvist is drawn from a rich body of literature
concerned with farmland value. The main out-
come of such literature is that variability in farm
incomes (including policy parameters) negatively
affects land values; however, farmland values are
generally more responsive to non-farm factors (e.g.
urban expansion, rates of return) than to farm rev-
enues.
Lagerkvist (2005) develops a dynamic sto-
chastic business-level land-valuation model to
analyse how policy uncertainty related to the intro-
duction of a single farm payment will affect farm-
land investment incentives. An important
distinction made in the paper is between the tim-
ing and magnitude of the reform. The expectations
of farmers in regard to these policy parameters and
their correlation played a major role in the analy-
sis. The paper demonstrates the importance of pol-
icy uncertainty in inducing higher volatility in
investment incentives and possibly in inducing in-
efficient investment behaviour. As a consequence,
it confirms the need for certain long-term decisions
concerning policy as a key policy parameter as far
as the consequences for investment are concerned.
2.4. A classification of quantitative
methods
This section is intended to provide a classifi-
cation of the main methodological options avail-
able for the analysis of farm investment behaviour
emerging from the literature. This is undertaken to
support further discussion. Compared to the pre-
vious section, with which its content naturally
overlaps, it is focused more on methodological as-
pects than on single determinants or fields of re-
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search. The classification refers mainly to studies
described in the previous sections. For this reason,
citations are generally omitted; however, a num-
ber of extensions or related fields appear to be
equally relevant and these are briefly described
and referred to in the discussion.
Starting from the representation of the relevant
decision-making unit and maintaining the micro-
economic perspective of modelling single entities,
an important distinction is made between farm
models and farm-household models. The latter
have been more commonly used in recent years to
understand the relationship between whole farm
decisions and investment, as well as in relation to
new approaches such as portfolio analysis. While
farm models enable a more simplified (and less in-
formation-sensitive) understanding of farm behav-
iour, farm household models enable a treatment of
investment in connection to other choices (labour,
off-farm investment). The latter is an appealing ap-
proach, although it implies an important expan-
sion of relevant objectives, types of investment and
labour alternatives, and, finally, of data require-
ments.
Both farm and farm-household models can
be treated in an aggregated way. In this case, mi-
croeconomic studies usually offer an alternative
between representing them as an area or as a
farming system. The distinction between the two
approaches has to do with the fact that area mod-
elling is related to all of the (agricultural) eco-
nomic units that exist in a region, while the
farm/household or farming system approach mod-
els a single farm or aggregates based on combi-
nations of farm specialisation or location. In the
literature, area-based models are mostly used to
understand structural change, as they enable an
explicit representation of markets of finite factors
such as land, breeding livestock, and in most
cases, labour. This may be managed convention-
ally through area-based models where total factor
availability is constrained and may be of great im-
portance for representing investment decisions.
On the other hand, investments affect product
markets and price by changing the production
costs at the farm level. Modelling such effects
would require representation at an appropriate
scale of the demand side as well as the supply
side; however, investment behaviour is generally
studied on single farms or groups of farms that rep-
resent incomplete parts of an area.
The second major economic distinction is be-
tween ex-post (positive) and ex-ante (normative)
analyses. Ex-post approaches based on cross-sec-
tional or time series data prevail in the investment
literature (Purvis et al., 1995); however, in recent
years policy-making and policy design have shown
a growing demand for ex-ante analysis, as it en-
ables the user to anticipate expected behaviour
and check the ability of decisions to fit the deci-
sion-maker’s objectives.
An important methodological option is that be-
tween programming models and econometric mod-
els. The two approaches differ mainly in terms of
computational tools and data sources. Programming
models are optimisation tools based on a detailed
engineering process of structural model-building,
often obtained from point observations, and are cal-
ibrated based on the value of technical coefficients,
resource availability, and constraints settings. Econo-
metric models are based on statistical estimations of
parameters based on time series or cross-sectional
data, commonly with underlying optimisation as-
sumptions (Howitt, 2005). The agricultural econom-
ics literature on investments offers a number of
examples of econometric models and several exam-
ples of optimisation (programming) models (e.g. As-
seldonk et al., 1999; Happe et al., 2004a). Generally
speaking, both approaches may be used for either
ex-ante or ex-post analyses. To some extent, the
programming approach tends to be more common
in ex-ante problems that involve technical change
and changing policy options, as it enables a more
detailed technical analysis of farm activities, ex-
pected problems, and future choices. This ap-
proach may also be necessary where large data
sets are unavailable; however, programming mod-
els are commonly constructed using non-codified
calibration procedures that leave a lot to the wis-
dom of the modeller. Econometric studies look to
focus more on ex-post analysis, partly because a
great part of the work of the modeller is concerned
with parameter estimation and partly because such
studies are actually used to understand determi-
nants of past behaviour. Compared with program-
ming models, econometric models benefit from
well-established estimation procedures; however
many previous studies struggled with limited data-
bases that were commonly characterised by aggre-
gated data that did not enable a satisfactory
estimation of relevant parameters given the high
spatial and personal heterogeneity of agricultural
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activities (including investment). In perspective,
the development of more complete and detailed
databases based on panel data might be expected
to improve the outcome of such approaches.
Both approaches have undergone an impor-
tant evolution over the past two decades. First, it
must be stressed that the net distinction between
the econometric and programming approaches has
become somewhat reduced thanks to recent
methodological developments such as Positive
Mathematical Programming (PMP).
As far as econometric models are concerned,
a wide menu of options exists, differentiated by:
• type of model (parametric vs. non paramet-
ric);
• structure of the model (single equations or
structural equations);
• types of data (cross-sectional or panel data);
• types of estimators (Ordinary Least Squares,
Generalised Least Squares, Maximum Like-
lihood).
In the context of programming approaches,
calibration techniques and sensitivity analysis have
been a major issue in recent years. A dual ap-
proach has been used in most of the recent litera-
ture from production analysis, both for
econometric and programming models (e.g. PMP).
Multi-agent models have been developed to
deal with interaction between different groups of
actors at a territorial level and to accurately model
the timing of actions. DEA (Data Envelopment
Analysis) has also been used to assess technical ef-
ficiency in connection to capital stock or financial
structure and could be an interesting tool for a
deeper understanding of sub-optimal investment
behaviour (Davidova et al., 2005).
A relevant distinction for investment analysis
is that between static and dynamic (or multiperiod)
models. While comparative static models are com-
mon in the economic literature and have been
used for investments, particularly in the early lit-
erature, dynamic models are used in most of the
recent literature on investment because of their
consistency with the nature of the investment
problem and with the fact that the timing of
choices is a major variable in decision-making.
This point is emphasised by recent literature on un-
certainty and information issues. Among the dy-
namic models, different options have been devel-
oped over time (e.g. recursive dynamic, fully dy-
namic, discrete time vs. continuous time, etc.).
Improved computational tools, at least in the in-
vestment literature, have given rise to a trend to-
ward fully dynamic, discrete time models.
A critical issue is how investments are repre-
sented in the model. Investments are commonly
represented in economic models as (non-differen-
tiated) capital accumulation. A different perspec-
tive is adopted in studies in which the technical
details of investments are explicitly included in the
model. As discussed in Section 2.1, the classifica-
tion of investment may take very different forms.
While the distinction between land, buildings, and
machinery is common in most studies, further
qualifications are used only in relation to the spe-
cific objectives of the analysis. Greater detail is
usually only used in programming models, as it is
required for a satisfactory calibration and enabled
by the scope of the study. In contrast, econometric
studies often suffer from insufficient detail in the
available data.
In terms of information assumptions, it is rel-
evant to distinguish between models under cer-
tainty (non-stochasticity) and models under
uncertainty (stochasticity) with regard to invest-
ment performances and the economic context.
Uncertainty is clearly a major issue in investment,
and it constitutes a distinguishing feature of recent
approaches such as real options or learning mod-
els. It is amplified when the economic viability of
the sector under analysis is strongly affected by fre-
quent and very open policy reforms. The treatment
of uncertainty, and more generally the issue of pre-
diction and expectations, has taken several paths
in recent developments in economics, with some-
what contrasting implications and applications for
modelling.
One issue may be the distinction between the
representation of optimal behaviour and sub-opti-
mal decisions (i.e., with technical or economic in-
efficiency), as a large part of the farming community
may behave according to the latter.
Differences may be found in linear and non-
linear specifications. Non-linear specifications pre-
vail in the literature on investment as a
consequence of the need to represent tractable
production functions and investment costs, the
need to represent uncertainty and risk, and the bi-
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nary nature of many investment decisions. In most
cases, non-linearity (meaning well-behaved non-
linearity) is a necessary condition for model esti-
mation/calibration/optimisation, or at the very least
can improve the calibration; however, linear mod-
els can be more tractable when a dynamic pro-
gramming framework is adopted.
Finally, different hypotheses can be developed
regarding the objective function, which may be ei-
ther mono-objective or multi-objective. The sim-
plest multi-objective function is based on a
combination of profit and risk-reduction objec-
tives. Many objectives seem to be particularly per-
tinent for the household as a decision-making unit,
which, however, makes the objectives more
strongly differentiated and difficult to attach to ob-
jective indicators. The treatment of different objec-
tives may take different forms; e.g. weighted sum,
maximum worst case, fuzzy aggregations. Goal
programming or ideal point methods may help in
modelling conflict resolution between different ob-
jectives. Constraints may also be used to include
objectives in programming models.
2.5. Discussion: assessment of the lit-
erature on farm investment be-
haviour
This section attempts to provide an assess-
ment of the literature in relation to the final target
of our research project. The objective is not to un-
dertake an assessment of the literature per se, but
to contribute to making appropriate decisions con-
cerning the contents and methodologies for the
project. From this standpoint, the main questions
concern the ability of the different approaches and
techniques to:
• produce sufficient detail of the expected
type and timing of investment;
• consider the wide set of drivers that are rel-
evant for household investment behaviour;
• analyse investment behaviour under a pol-
icy scenario.
Generally speaking, our understanding of
farm investment behaviour is considered to be
largely unsatisfactory, despite the evident impor-
tance of the representation of farm behaviour7.
While this is true for many fields of economics, dif-
ficulties with the treatment of investments may be
perceived as being more relevant because of their
long-term effects, irreversibility, and sunk costs. In
addition, contributions on this issue are less nu-
merous than those for other fields of agricultural
economics research.
The reasons for the unsatisfactory state of the
art may be traced back to three main problems
(partially following Elhorst, 1993):
• investment drivers are numerous and affect
decisions in a discontinuous way, with dif-
ferent key (significant) determinants emerg-
ing depending on the time and context;
• researchers develop problem-oriented but
partly theory-driven models that by neces-
sity only represent part of the decision
process;
• most of the research has been carried out at
the meso or macro level based on aggre-
gated data, within which specific causal
factors are commonly difficult to detect.
This review of the literature on-farm invest-
ments behaviour enables us to confirm and further
qualify these problems.
The available literature shows an agreement
on the need to represent investment problems in a
dynamic framework; however, the expected invest-
ment behaviour based on optimisation (either in a
static or a dynamic context) as modelled in the
early literature does not appear to produce much
empirically relevant information, at least in agri-
culture. In addition, the literature appears to com-
monly over-simplify capital representation (e.g. via
a continuous adaptation of undifferentiated stock
over time). This issue may be particularly impor-
tant when investments interact with technical
change, as in most practical problems.
Previous studies have attempted many differ-
ent ways of interpreting actual behaviour via the
study of a number of determinants. The approach
taken is often ex-post, with the support of econo-
metric instruments, whereas ex-ante contributions
are few in number. Determinants are often taken
singularly or incorporated in models that enable a
sufficient understanding of only some of the im-
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portant factors. Recent works highlight a change
in perspective regarding decision-makers in terms
of farm investment. In particular, household/firm
management appears to be increasing in impor-
tance as the most appropriate perspective.
The analysis of the impact of policy on on-
farm investment behaviour appears a particularly
challenging task, as policy scenarios interact with
all other (numerous) determinants, particularly risk
perception, liquidity, and output prices. Unsurpris-
ingly, the volume of literature and the state of the
art appear particularly unsatisfactory as far as pol-
icy analysis is concerned, particularly for ex-ante
policy evaluation. Most documents related to ex-
ante policy analysis, including ex-ante analysis of
the 2003 CAP reform, barely consider the issue of
investment (European Commission, 2003). Several
recent studies, however, which focus on decou-
pling in particular, deal with investments in more
detail.
In terms of both decoupling and the role of
the household, the US literature appears more ad-
vanced because of earlier policy and social
changes in agriculture.
Some of the main gaps in our knowledge and
research needs include:
• more adequate instruments for ex-ante
analysis;
• models adaptation to incorporate empirical
information about farm preferences and ex-
pectations, e.g. stochastic decision models
with expectations collected via ad hoc sur-
veys;
• closer attention to the connection between
investment, technical change, and learning;
• a more empirically relevant treatment of the
objectives of the decision-maker (farm
household, firm).
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3.1. Overview
The methodology adopted in this study integrates stated investment intentions by farmers and model-
ling of farm behaviour under different scenarios. An overview of the steps of methodology is given in Fig-
ure 4.
Figure 4 – An overview of the methodology 
3. Methodology
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Policy-relevant conclusions are derived from
two kinds of results: stated current and future in-
vestment activities on the one hand, and expected
farm investment behaviour under different scenar-
ios on the other. The former are obtained directly
from a survey on a sample of farm households
through questionnaires. The latter is obtained by
mathematical modelling of individual farm-house-
holds. The modelling exercise is performed under
different scenarios.
The combination of stated behaviour and
modelling is aimed at a better interpretation of the
farmers’ reaction to policy by compensating for the
disadvantages of each of the approaches taken
separately. Stated behaviour may be not com-
pletely incentive-compatible, or may be incom-
plete, and applies to the strict individual planning
horizon. Models may not take into account impor-
tant decision factors, but may be adapted to hypo-
thetical situations and used to simulate the effects
of different scenarios on the basis of completely
controlled decision making mechanisms.
As for the construction of the mathematical
programming model, both questionnaires and sec-
ondary data have been used where available. It is
relevant that questionnaires have at least a twofold
objective: to produce directly information about
future investment behaviour, and to support mod-
elling.
The information collected about present and
future investment behaviour, as well as about other
decision making aspects of the surveyed sample is
processed through standard statistical descriptives
and a correlation exercise concerning the main
policy variables.
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The reminder of this chapter focuses on the
other two main building blocks of the methodol-
ogy, i.e. the scenario analysis and the model.
3.2. Scenario definition 
and characterization
The definition of scenarios went through the
following steps:
1. scenario identification;
2. scenario description through storyline;
3. scenario characterization through quantita-
tive variables;
4. definition of values for scenario variables.
Step 4 produced the input for the model (sec-
tion 3.3.).
The scenarios adopted for this project (and their
quantitative parameters) were identified through dis-
cussion internal to the project’s Steering Committee8,
and after checks with all project partners.
Simple scenarios have been preferred, to as-
sess the impact of single variables. To this aim, the
quantitative definition of scenarios is differentiated
only on the basis of the following variables:
• amount of public payments;
• mechanism of payments (area-based vs. de-
coupled);
• market prices for agricultural products.
Selected scenarios implemented in the model
are:
1) Baseline 1: agenda 2000+current prices
2.1) Decoupling 1: 2003 reform+current prices
2.2) Decoupling 2: 2003 reform+lower prices
(WTO scenario)
3.1) Payment cut 1: 2003 reform (up to
2013)+no payment after 2013+current
prices
3.2) Payment cut 2: 2003 reform (up to
2013)+gradual reduction of payments
after 2013+current prices
3.3) Payment cut 3: 2003 reform (up to
2013)+gradual reduction of payments
after 2013+lower prices
Scenario 1 represents the baseline used as a
reference to assess the impact of decoupling and
alternative scenarios. In the EU 15 countries, it rep-
resents the hypothesis of maintaining the Agenda
2000 conditions (last year of application) up to the
end of the time horizon (2030). Nevertheless, pay-
ments have been reduced by 10% due to financial
discipline. In Poland and Hungary, this hypothesis
is substituted with the agricultural policy currently
in force. Single Area Payment Scheme (SAPS)
presently in place. SAPS provides increasing pay-
ments up to 2013, at a changing rate. In our base-
line scenarios, such increasing payments have
been assumed up to 2013, then payments are as-
sumed to stabilise at the 2013 rate, till the end of
the planning horizon. Prices are assumed to be the
current ones (2006) and to undergo no change till
the end of the time horizon.
Scenario 2.1 shows the impact of decoupling.
In the EU15 Countries, this scenario is built by as-
suming the present decoupled policy in each
country, up to the end of the time horizon. In
Poland and Hungary, it is assumed a total decou-
pling based on the payment at 2007, starting in
2007 and lasting till the end of the time horizon.
Scenario 2.2 illustrates the impact of the de-
coupling policy as described in scenario 2.1, as-
sociated with possible lower prices of agricultural
products due to WTO negotiations. Due to the lack
of empirical support for the prices under this sce-
nario, price reduction has been set to 20% by the
“expert judgement” of the steering committee –
this reduction has been identified as a reasonable
range of change during the time horizon.
All of the scenarios described up to now as-
sume the continuation of payments after 2013 as
before (either area based as in scenario 1, or de-
coupled as in scenarios 2).
The following scenarios, i.e. 3.1, 3.2, and 3.3,
formulate different hypotheses on what will hap-
pen after 2013. Scenario 3.1 considers the extreme
hypothesis that there will be no further direct pay-
ments or support; scenario 3.2 provides for a grad-
ual reduction of payments. This latter hypothesis is
associated with lower market prices in scenario
3.3. The proposed gradual reduction of payments
after 2013 is calculated as a linear reduction that
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reaches zero in 2020. This is consistent with the
duration of current reforms and would end the
payments at a date that is significant for other cur-
rent modelling exercises (e.g. Scenar 2020).
Local conditions (e.g. labour opportunities
and costs, factor prices) are kept constant across
scenarios. Set-aside prescriptions and milk quotas
(or other quota systems, e.g. for vineyards) are as-
sumed not to change across scenarios, but are rel-
evant for the characterization and explanation of
farm behaviour in individual case studies. Also the
rules for the eligibility to the SFP (e.g. crops admit-
ted for cultivation) are the same across scenarios.
Technology does not change across scenarios
and over time (see later). Payments for organic
farming under rural development programmes are
assumed not to change across scenarios. Models
assume stable real prices (no inflation is accounted
for).
Sources for payments are official documents
about payments in each area, as reported by each
local expert.
3.3. The model
3.3.1. Motivation of the chosen approach
On the basis of the analysis of the literature
performed in section 2, the chosen model is a
multi-criteria dynamic programming model of the
farm household. The choice is motivated by the
following considerations.
1. Future models have to face a break in the
policy design framework (decoupling) and in
the social and economic context (product
markets, income sources) characterizing
farming-related decisions. Two major points
in this changing context are the increasing
role of rural households/rural firms as the
agents (decision makers) affected by the pol-
icy, and the changed role of agriculture in
rural economies and in the overall economy.
These issues will modify farming in ways that
could not be understood exclusively on the
basis of past behaviour.
2. The need to search for innovative simulation
tools or for innovative applications of exist-
ing tools to improve the ex-ante understand-
ing of policy reforms is recognized in the lit-
erature.
3. Given the specific need to analyse policy be-
haviour in the next 8-12 years, an ex-ante
approach is explicitly requested by the ob-
jectives of the study.
4. For the nature of investments, a dynamic ap-
proach seems necessary, as recognized by
all recent literature on this issue.
5. Optimization (programming) models are
preferred to econometric models, to focus
on future issues and not be conditioned by
data available from previous surveys. This
choice is also due to the possibility of treat-
ing different kinds of investment in greater
detail and with explicit technical connec-
tions to farm activities, farm resources and
financial constraints.
6. Literature on farm investment behaviour
seems to lack in particular a technical repre-
sentation of current and future assets in
which to invest. This may be irrelevant for
some capital goods (e.g. land) but a key
issue for others (e.g. machinery, plant con-
nected to new activities such as energy pro-
duction). The approach adopted allows such
representation by integrating engineeristic
with economic information.
7. As the focus of the project is on how farmers
will react to the SFP, modelling of the pay-
ments under Agenda 2000, the Luxembourg
compromise and alternative scenarios will
have a major part in the model.
8. As labour decisions and savings are key de-
terminants of investments and interact with
income production and consumption, as
well as whole-family risk management, a
farm household model that is non-separable
in labour and capital management is consid-
ered preferable. This will also allow the der-
ivation of information about the destination
of money from the SFP in the trade-off be-
tween different on-farm and off-farm invest-
ments.
9. Uncertainty should be considered, at least
as related to policy and market variables.
10. Particularly when taking a household per-
spective, it is expected that a multi-objective
model improves the reliability of model out-
comes. However, the relevance of different
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objectives is an empirical matter and should
be checked case by case.
11. A non-linear specification of the model is
preferable to prevent the model from gener-
ating extreme unrealistic solutions and to
allow for greater flexibility; however, in the
context of the chosen methodology, discon-
tinuous linear approximation is considered
more consistent and computationally
tractable.
12. Output includes economic, social and envi-
ronmental indicators.
13. The project objectives call for the use of a
farming system approach. For this reason,
the model is (individually) applied to a se-
lection of farm households based on loca-
tion and specialization criteria, and not to a
whole territory. Extensions to territorial level
could be considered in the future, particu-
larly to manage more directly the issue of the
connection between land exchanges, farm
structure and investment.
The modelling approach suggested requires
adequate (important) data collection from single
farms. For this reason, it is necessary to manage
carefully the trade-off between sufficient detail and
a satisfactory degree of representativeness.
Given the purposes of the project, the latter is
somewhat sacrificed to the former. In other words,
the research is expected to produce empirical, rel-
evant information on investment mechanisms and
policy impact, even if this is done at the expense
of the degree of statistical representativeness.
However, differentiation of the main drivers across
farms is considered, according to the safeguard of
sufficiently reliable model calibration, given the
study coverage requested.
References for the modelling part of the study
have been identified around three main works.
Gardebroeck and Oude Lansik (2004) provide
a comprehensive theoretical model, building on
the main literature concerning investments.
Asseldonk et al. (1999) provides a program-
ming approach to farm technology adoption, in-
cluding technology change. This is only an
example of the vast literature using dynamic pro-
gramming as a computational instrument for in-
vestment behaviour.
Wallace and Moss (2002) provide a multi-cri-
teria model applied to strategic decisions from the
viewpoint of the farm household. Relatively few
papers use multi-criteria analysis in combination
with multi-period planning.
These have been integrated with papers from
the household modelling, credit analysis and pol-
icy evaluation literature (see section 2).
Given the specific aim of the project, papers
directly devoted to assessing the impact of de-
coupling on investment have been also consid-
ered to identify relevant variables, particularly
Andersson (2004), OECD (2001; 2005a; 2005b;
2005c; 2005d), Roche and McQuinn (2004),
Sckokai and Moro (2006), Peerlings (2005),
Goodwin and Mishra (2005), Happe (2004) and
Lagerkvist (2005).
3.3.2. The theoretical model
The model is designed to simulate farm invest-
ment behaviour in the face of external scenarios. It
receives as input the values of scenario parameters
(exogenous to the farm represented) and produces
as output a computation of sustainability indica-
tors for each scenario considered. The impact of
different scenarios is assessed through comparison
with the baseline scenario.
The theoretical model for household-level de-
cision making, based on the multi-criteria ap-
proach, follows the following maximization
approach (see symbols box at the end of the sec-
tion):
(3.1)
s.t.
(3.2)
(3.3)
The objective function is a representation of
household utility. The farm household is expected
to maximize a function defined as a combination
of multiple criteria, each defined as a function of
the set of decision variables. The maximization is
subject to constraints on decision variables, repre-
sented by the feasible set and by non-negativity
constraints.
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In translating this to the empirical model, we
need to define in more detail the structure of the
objective function and the feasible set.
3.3.3. The empirical model – objective
function
Models attempting to interpret household be-
haviour (instead of simple farm optimization) tend
to move from the net present value (NPV) approach
to a consideration of multiple criteria (e.g. con-
sumption, household worth). However, whether
farm households make investment choices in a way
that is better represented through multi-criteria de-
cision making is an empirical issue. In practice, in
the long run, the objective function may often be
relaxed to a unique objective represented by the
maximization of the net household cash flow. This
may be a debatable issue in theoretical terms, but it
is acceptable to think that there could be cases
where criteria other than profit maximization add
little to the fitness of the model, and cases where
they may be determinant. In all cases, the NPV
model can be taken as a benchmark.
The choice of this study is to run models in
both the mono and multicriteria form and to
choose the best fitting version for simulation (see
annex III). More in detail the model has been fi-
nally solved in following two forms:
1. a fully dynamic NPV maximisig model;
2. a recursive dynamic multiobjective model.
In the former case, the objective function is
expressed by a standard NPV calculation over the
time horizon. In the latter, the model is first solved
as fully dynamic for a shorter time horizon (n).
Then, the choices for year 1 are kept fixed and the
model is solved for the horizon from time 1+1 to
n+1. The procedure continues in the same way,
moving ahead 1 year at each step, until the initial
time is equal to m, which is the number of years for
which we want to generate results from the model.
The time horizon is chosen according to that most
likely used by the farms, which derives from their
answers concerning future variables.
In case 1 the objective function takes the fol-
lowing form:
Max (3.4)
where:
(3.5)
(3.6)
(3.7)
(3.8)
(3.9)
(3.10)
(3.11)
In case 2, the objective function took a multi-
criteria structure. Depending on the information
collected, the achievement of objectives is treated
following two ways:
• objectives ‘absolutely’ to be achieved are
incorporated as constraints in the model,
particularly if related to the consumption
component;
• objectives for which there is a degree of
flexibility (compensability/trade-off) are in-
corporated in the objective function.
The two conditions do not exclude each
other, and we may find for the same objective a
minimum constraint up to some level, and the pos-
sibility of maximizing the objective above that
level.
If the farmer states that there is a minimum
level of certain objectives below which he is not
willing to accept the plan, constraints are added,
such as:
(3.12)
These constraints are to be handled carefully,
as they could lead to infeasibility and should be
used only when there is realistic strong opposition
to some very low value of an objective.
In most cases, these minimum requirements
are included in (consumption). If the model re-
duces to a NPV maximizing model with some con-
straints on objectives, such as consumption, can
take the form of a parameter.
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In the other cases, and other objectives are not
defined as parameters, but as variables taking values
defined by the maximization of the objective func-
tion and bounded by the inequality constraints.
For flexible objectives, which the household
accepts to trade-off against each another a simple
multi-criteria objective function was used (Romero
and Rehman, 2003):
Max (3.13)
The value of each attribute is calculated using
a specific procedure, depending on the nature of
the objective (e.g. household net worth, leisure).
Consumption is a free variable, bounded by in-
come possibility and investment requirements.
Some objectives derive from the activities per-
formed on the farm (e.g. crops) and are generally
calculated as the average value of objective/at-
tribute over time:
(3.14)
Objectives have been collected through the
questionnaire. A list has been proposed taking into
account potential household objectives (e.g. con-
sumption level, leisure, household wealth). 
Weights are derived from the ranking of ob-
jectives given by the household, using the rank re-
ciprocal formula in the first instance (Wallace and
Moss, 2002, from Stillwell et al., 1981).
3.3.4. The empirical model – constraints
and feasibility set
The constraints and equations defining the
feasibility set are the following.
Investment and capital:
(3.15)
(3.16)
(3.17)
(3.18)
(3.19)
This group of equations, i.e. from (3.15) to
(3.19), describes capital and investment relations.
In equation (3.15) capital at time t is related to cap-
ital at time t-1, plus investments, minus disinvest-
ments. The value of each capital good is calculated
in equation (3.16), while the value of the total
household capital is calculated in equation (3.17).
Equations (3.18) and (3.19) assign the initial capi-
tal endowment and, respectively, force the model
to sell all capital at time T (this is necessary to force
the model to take into account the salvage value of
all capital when taking decisions close to the end
of the time horizon).
Activities:
(3.20)
(3.21)
(3.22)
Equation (3.20) is the standard set of con-
straints of a mathematical programming model en-
suring that the solution is feasible. Equation (3.21)
ensures that the amount of “investment services”
(e.g., hours of work of a specific machinery) re-
quired by farm activities is available from capital
goods plus rented services. Equation (3.22) is a
simple computation of gross margin.
Liquidity, credit and external investment:
(3.23)
(3.24)
(3.25)
(3.26)
This group of equations, i.e. from (3.23) to
(3.24), defines the relationships between capital, liq-
uidity and investment. First, savings are defined as
the difference between income and consumption
(equation 3.23), and liquidity at year t is defined as
the sum of liquidity of year t-1 and the savings of
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year t-1 (equation 3.24). In addition, liquidity re-
quirements are constrained to liquidity availability
(equation 3.25) and access to credit is constrained to
some share of total capital owned (equation 3.26).
Labour:
(3.27)
Equation (30) constraints labour use (on- and
off-farm) to labour availability (own and pur-
chased).
Payments:
(3.28)
Payments are calculated based on owned en-
titlements, after adjustment based on eligible land
uses.
Positivity constraints: (3.29)
Depreciation is linear with age.
Equation (3.20) covers relevant technical con-
straints. These are very different from case to case
and have been designed as the most appropriate.
In general, the most common issues have been:
• management of intermediate products, such
as feeding with own-produced fodder,
use/handling of organic waste from animals;
• crop rotation;
• market constraints;
• land, quotas and production rights are gen-
erally treated in the category of investments.
As the model refers to individual farms, it is
not particularly appropriate for the treatment of
structural change and land exchanges. To keep the
model ‘conservative’ (i.e. avoiding unrealistic in-
crease of the farm through land purchase), the pos-
sibility of expansion of the farm is allowed only
when land purchase is already planned. In other
cases, land availability is considered as fixed and
propensity to expansion will be judged on the
basis of the marginal value of land.
Transaction costs have been included to
avoid unrealistic indifference about buying and
selling an item or keeping it. However, transac-
tion costs are a very complicated issue, and we
could not consider collecting the needed amount
of information through the survey. Accordingly,
during the testing, we tried to estimate a reason-
able time for the conclusion of transactions, plus
the associated administrative costs. It was found
that this value may vary considerably from a farm
to another, therefore it has been approximated as
a uniform percentage of asset value (20%).
Further clarification is required about the fol-
lowing issues:
• uncertainty and risk aversion;
• non-linearities;
• technical change.
The model described above is deterministic.
However, uncertainty is a major component of
investment decisions in many circumstances and
is the main point of much of the literature con-
cerning investment. Many of the parameters of
the model could be treated as uncertain from the
decision maker’s viewpoint. When dealing with
such issues using the model explained above,
however, we must consider that much uncer-
tainty or risk consideration may have already
been captured, in either the decision rules or the
objectives. For example, multi-criteria analysis
may already incorporate many aspects of uncer-
tainty; crop combinations or rotations may solve
risk concerns. For these reasons, the main idea
here is to try first to treat such problems through
the constraints and objective function of the
basic model. Whether this is satisfactory is
checked through the calibration and validation
process; that is, by checking whether the values
generated by the model are reasonably close to
those planned (in our case those that the farmer
has stated as intentions for next 5 years) (see sec-
tion 3.3. for details).
The model is designed as a linear problem
primarily for simplicity of computation. Also, as
the model requires mixed integer solutions for in-
vestment decisions, adding non-linearities to in-
teger variables could make the solution more
difficult. Non-linear components have been
treated through piecewise or discontinuous lin-
ear functions, for all aspects for which the model
reaches a sufficient degree of detail. For exam-
ple, household labour have been attributed a dif-
ferent opportunity cost depending on stated
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off-farming salary of each component. This is a
widely used solution in linear programming mod-
els (Hazell and Norton, 1986; Hillier and Lieber-
man, 2005).
The analysis of technical change, though rel-
evant, is not an explicit objective of this study. In
the model, technical change is considered only
as incorporated in possible investments and not
as a separate variable. This means that there will
not be differences (e.g. yields) across scenarios,
or regular changes in yields over time. However,
investment in a different (e.g. technically im-
proved) piece of machinery may imply different
labour productivity. This choice is driven by the
attempt to limit the number of variables determin-
ing the results of the model and make them more
interpretable.
3.3.5. Output indicators
Output indicators include the following.
Economic:
• farming income;
• total household income;
• net investment.
Social:
• labour use.
Environmental:
• nitrogen use on land;
• water use.
The calculation of economic and social sus-
tainability indicators, as well as the share of non-
cultivated land is straightforward, as the variables
included may be directly derived from the core
model and the objective function.
Nitrogen and water use indicators are directly
derived from the combination of activities through
appropriate environmental coefficients:
(3.30)
3.3.6. Time horizon
Results focus on farm investment and its im-
pact over an 8-12-year period from the time that
the survey is performed. As investments are de-
cided on the basis of a reasonable time horizon
over which their effects are evaluated by the deci-
sion maker, a longer time period was considered in
the model, to justify investment choices during the
last years of the period considered.
Taking into account these requirements, mod-
els were solved on a 25 years time horizon (by
steps of 8 years in the recursive version), setting
the final year at 2030. This period appears to be
long enough to assess the profitability of most in-
vestments and is consistent with the timescale of at
least some of the scenario exercises available at
present (even if most of them stop between 2015
and 2020).
In order to avoid problems with choices related
to the final period of the planning horizon (e.g. lack
of investment, forced selling of capital good in the
final year), results are given as average of two
shorter periods: 2006-2013 and 2014-2021.
The first period corresponds to the present
programming period of the CAP and the final year
is consistent with the expected end of such period.
For the initial year, the decisions on the farm were
already taken when the information was collected.
Thus, the actual planning horizon is 7 years and
2006 represents the initial conditions (e.g. existing
capital).
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BOX 1 - Symbols used
Parameters and variables (v in parentheses=variable)
= objective function;
= value of attribute/objective q;
= minimum achievement required for each objective;
= feasible set;
= vector of decision variables;
= discounting factor;
= total farm household income (v);
= household cash flow from production activities, including farming (v);
= household cash flow from labour: external household labour minus hired labour (v);
= household cash flow from liquid capital management: rents from investment in non-durable goods
minus cost of credit (v);
= cash flow from investment and disinvestment activities (v);
= transaction costs connected to investment/disinvestment (v);
= cash flow from agricultural policy payments (v);
= degree of activation of productive activity i (v);
= gross margin from productive activity i;
= labour purchase of type j (v);
= cost of labour purchase of type j;
= labour selling (v);
= wages from labour selling of type h;
= purchase of liquidity (access to credit), investment of liquidity in non-durable goods outside the
farm (v);
= interest rate paid on credit, interest rate gained on liquidity and related uses (e.g. bonds);
= number of capital goods, investment and disinvestment activities of type m and age
at time t (v);
= value of capital goods m, depending on age;
= transaction costs on, respectively, investment and disinvestment as a percentage of the value
of investment/disinvestment;
= area based and decoupled payment (v), respectively;
= consumption;
= coefficient of the objective q for the activity i; quantifies the change in the value of objective q as a
result of a unit increase in activity i;
= weight of attribute q;
= normalized distances from goal;
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= goal for attribute q;
= liquidity;
= depreciation coefficient for capital goods;
= stock of capital good m on the farm in the initial year (2006);
= right hand side: availability of resource s;
= technical coefficients with respect to farm resource s, investment, labour use and envi-
ronmental impact;
= amount of investment service z produced by investment m;
= purchased amount of investment service z;
= price of purchased investment service z;
= savings (v);
= product price of activity i;
= yield of activity i;
= variable costs of activity i;
= credit (v);
= value of household’s capital stock (v);
= maximum debt/asset ratio allowed;
= labour availability of type h in the household;
= single farm payment;
= total and used payment entitlements (v) in each year, where the latter depends on the crops culti-
vated;
= value of output indicator o.
Sets
q = objectives;
t = 1, 2…,T= time/years in the planning period, with T= time horizon;
i = activities (e.g. crops);
j = labour type for purchase (non household);
h = labour type for selling (household);
m = types of capital goods;
τ = age of capital goods;
s = farm resources and constraints (different from land, labour or capital);
z = investment services;
o = output indicator.
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3.3.7. Model implementation procedure,
calibration and validation
As described in Figure 4, the models were
built based on primary data collected through the
questionnaires and secondary data derived from
available sources. The calibration and validation
of models under the selected modelling approach
is a particularly challenging task.
As a general definition:
• calibration involves changing the parame-
terization of the model in such a way that
the model fits the observed farm behaviour
well;
• validation involves measuring the distance
of the calibrated model from the observed
behaviour (exogenous to the model).
Appropriate calibration has been a key issue
in this modelling exercise, as the model has been
used for policy analysis; that is, used to generate
results under varying values of exogenous vari-
ables, such as payments and prices (Howitt, 2005).
However, there is almost nothing in the literature
on calibration of dynamic programming models.
The main reference for validation of these
models is still given by Hazell and Norton (1986)
that identifies the following points:
• check whether the model constraint set al-
lows the base year production;
• comparing the model’s output (activity set)
with the behaviour of the real farmers in the
base year;
• check whether the marginal costs of pro-
duction, including the implicit opportunity
costs of fixed inputs, are equal to the out-
put price;
• check whether the dual value on land is
equal to actual rental values;
• check whether input use corresponds to
base year input use.
These criteria basically allow to check the
ability of the model to reproduce the base years in
static models but may be of little help in judging
the ability to react to external changes, particularly
shocks and to reproduce dynamics.
On the other hand, our approach can not
profit easily from the many recent approaches de-
veloped by programming theory (e.g. PMP) and re-
lated statistically robust estimation techniques. In
fact, there would be limits to the application of
such techniques due to the data set we rely on,
and simple calibration on past behaviour could be
misleading in understanding policy breaks. We
model individual farms, where effects due to aver-
age values are less relevant and discontinuities and
extreme solutions are not so unusual compared
with territorial models. Also, the number of activ-
ities entering the plan may be not as high as for an
aggregated model.
Calibration has been performed for each farm
separately (i.e. one model has been produced for
each farm case). The calibration process used
mainly data from the questionnaire designed for
the purposes of the project. Existing secondary
data have been considered where available and
needed.
Calibration on primary data is the focus of the
project, particularly as it relies on meaningful in-
formation on farm constraints, household behav-
iour, expectations and attitudes towards
investment. The collection of primary information
on the farm and its decision-making process plays
a key role here, and this justifies the choice to
focus on a limited number of farms with accurate
data collection and interpretation for each farm.
The calibration process is performed by in-
cluding in the model parameters/decision
rules/constraints derived from the questionnaire,
particularly concerning:
• allowable activities (derived from past, pres-
ent and possible future activities as stated
by the farmers);
• land and labour availability (by type/qual-
ity, if required);
• rotations and interconnections between ac-
tivities (e.g. forage and livestock);
• contracts;
• liquidity and credit.
The degree to which these constraints vary
over time may be an issue and has been evaluated
case by case.
Final validation of the model is performed by:
1. comparing the model’s output (activity set
and investment) with the behaviour of the
real farmers in the base year;
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2. comparing model’s output (activity set and
investment) with the intentions stated by
the farmers for the next 5 years under the
actual conditions.
The first comparison reflects the classical ap-
proach to model validation that can be found in
the literature (Howitt, 2005). The second compar-
ison is used specifically given that information
about activity and investment intended behaviour
for the next years was available from the survey.
Specifically, this includes checks on:
• the feasibility of the stated investment and
activity plan;
• the distance between the stated investment
and activity plan on one side, and on the
other side the planned investment and ac-
tivity plan generated by the model.
To test the stability of the model, a sensitivity
analysis has been performed on the main calibra-
tion parameters connected to activities and con-
straints showing the lowest marginal values. This
has been performed case by case and the out-
comes are not given in this report.
Finally, to test the validity of the model out-
put, for a small number of farms, the results have
been discussed with farmers.
The model implementation and elaboration
has been performed using GAMS, the most com-
mon software for economic optimization models
(McCarl, 2004). Given the nature of investment
choices (and possibly of other components of de-
cision making), the model is cast as a mixed inte-
ger problem. Preliminary analysis on test farms
gave satisfactory solution performance using the
solver CPLEX, with a 1% tolerance in the search
for integer solutions.
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4.1. Coverage and sampling rationale
The study covers the following combinations
of areas, types of farming and farming systems de-
fined ex-ante:
• (i) plain continental regions, (ii) plain
Mediterranean regions, (iii) hilly/mountain-
ous continental regions, and (iv)
hilly/mountainous Mediterranean regions;
• for each area, the types of farming are: (i) pre-
dominantly crop farming systems, (ii) pre-
dominantly livestock farming systems, and
(iii) predominantly orchard/vineyard/forest
(tree) farming systems;
• for each area and types of farming, both
conventional and emerging farming systems
are considered.
In the following, the combination of the
above variables is referred to as a ‘case study’,
while the individual farm-households surveyed are
referred as ‘farm-household case studies’.
Farming systems are defined as in the final re-
port of the study ‘Prospective Analysis of Agricul-
tural Systems’ (Libeau-Dulos and Rodriguez
Cerezo, 2004). Accordingly, the term ‘conven-
tional’ farming system refers to the ongoing most
common production techniques. The term ‘emerg-
ing farming system’ refers to organic farming, inte-
grated agriculture, conservation agriculture, and
guaranteed quality systems. However, in the pres-
ent study, among emerging farming systems, or-
ganic farming has received the most attention
since it is of greatest relevance compared to the
other emerging systems in several selected coun-
tries, including Germany and Italy.
The classification of a farm into one of the sys-
tems is primarily based on the type of farming
(using Eurostat categories). However, mixed farms
have also been considered and classified accord-
ing to their ‘predominant’ business activity, based
on the judgment of the local expert involved in the
sample selection.
Wherever very specialised farms have been
selected, this could lead to the detection of small
changes as a reaction to different scenarios, as it
would be expected that mixed farms may be more
flexible and able/willing to consider different crops
when reacting to external pressures. However,
given the study design, it was important to include
at least some farms that are specialized enough to
characterize the system to which they belong and
to allow the formulation of comparisons based on
that system.
Given the relatively small number of ques-
tionnaires, the samples have been selected through
a “non-completely-random” methodology based
on a proportional stratified sample rationale com-
plemented with expert judgment in order to deal
with the (un)availability of secondary information
related to some of the important variables in in-
vestment behaviour, e.g. personal attitudes. Sam-
ple selection involved the following steps.
• In each study region, case studies (“predom-
inantly crop, predominantly livestock, etc.”)
were selected according to the following
criteria: a) land allocation; b) number of
farms; c) the value of production. Land allo-
cation, as well as number of farms, are
available from general statistics (2000 har-
monised census) and for this reason are
identified as the main criteria. The value of
production has been taken from local
sources and represents an additional
(though possibly correlated) criterion.
• For each case study, single farms were se-
lected in order to reflect the expected het-
erogeneity of farm investment behaviour,
based on the literature review. In spite of the
number of potentially relevant variables,
only farm size and farmer’s age were known
ex ante and were used for sample selection.
A proportional stratified sample rationale
was used. However, in most cases, expert
judgement was required to adapt propor-
tions to the small number of households in
the sample and to compensate lack of statis-
tical information (e.g. age, farm size, non-
farming activities).
4. Case studies: description and sample selection
57
Te
ch
ni
ca
l R
ep
or
t S
er
ie
s
4.
 C
as
e 
st
ud
ie
s:
 d
es
cr
ip
tio
n 
an
d 
sa
m
pl
e 
se
le
ct
io
n
58
4.2. Data collection
A questionnaire was designed to collect
data about the farm and the household, their
perspectives and intended investment behaviour,
their reaction to policy changes. It was also
aimed at collecting technical and economic in-
formation on production processes, to feed the
models. The structure of the questionnaire is the
following9:
• Location and contact details
• Farm structure
• Household structure and labour manage-
ment
• Farm activities and production
• Farm organisation, constraints and connec-
tions
• Policy and decoupling
• Farm household assets and past invest-
ments/disinvestments
• Vision of the future & expectations
• Household status and objectives
• Foreseen farm-household and farm devel-
opments
• Activity-related details
Section 6 is devoted to collect straight infor-
mation about the household’s reaction to decou-
pling. It includes the collection of the following
information:
• Single farm payment received
• Use of money from the Single farm payment 
• Other payments received (e.g. axis 1 RDP,
etc.)
Use of money from other payments received
What are or are expected to be the changes
in the farm/household as a reaction to the intro-
duction of the single farm payment.
The survey was conducted through face-to-
face interviews, by the local teams. The interview
took between 1 and 3 hours depending on the
complexity of each farm interviewed.
Most of the questionnaire was properly com-
pleted by the farmers that accepted to be inter-
viewed. Problems where encountered more
frequently with section 7 and 11.
Section 7 includes some types of information,
such as family wealth and incomes, that were sen-
sitive enough to induce a refusal to answer by
many interviewees. Secondary data have been
used when necessary, based on average salaries or
average asset prices.
Section 11 includes a large amount of de-
tailed information about crops and livestock. In
many cases this was not available to the farmer. In
other cases the questions were found to be too de-
tailed and tedious to be collected through inter-
views. However, at least crop and livestock yields
were asked in order to allow for cross-checking
across the farms interviewed and with the second-
ary data used.
Secondary data, when necessary for the mod-
elling exercise, have been preferentially obtained
from local studies. The Farm Accountancy Data
Network (FADN) has been used when data have
been judged consistent with the specific case stud-
ies. This source has been used for yields, prices
and production costs. Information from local
sources haves been used for labour inputs and
asset values. In all cases expert knowledge has
been used to ensure, as far as possible, consistency
with individual data from the questionnaires.
4.3. Case study areas
A summary of case study areas is reported in
Table 2, while Table 3 provides a summary of CAP
reform implementation in the selected case study
areas.Te
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9 The full questionnaire is included in this document as Annex I. A version with further explanations and accompanying instructions is avail-
able in the interim report 2 (Gallerani et al., 2006).
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Table 2 – Case study areas
Country NUTS 1 NUTS 2 NUTS 3 Area
Germany Schleswig-Holstein,
Niedersachsen, 
Nordrhein-Westfalen, 
Rhein-Pfalz, Hessen, 
Baden-Württemberg, 
Bayern
Greece Central Macedonia Pieria, Kilkis, 
Thessaloniki
Spain Andalucia Cordoba, Sevilla
France Centre Eure-et-Loir “Beauce Chartraine”
Italy Emilia Romagna Bologna, Modena, 
Ferrara, Ravenna
Hungary Eszak-Alfold 
(North Great Plain) Hajdú-Bihar
Netherlands Gelderland Kamerik, De Glind, 
Lunteren, Voorthuizen, 
Ede, Wageningen, 
Putten, Bennekom
Poland Mazowieckie, 
Swietokrzyskie, 
Malopolskie, 
Kujawsko-pomorskie, 
Pomorskie
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Table 3 – Implementation of the CAP and CAP reform in case study areas
Country Start SPS Model Sectors remaining coupled Second wave of CAP
Germany 2005 SPS dynamic - hops payments 25% coupled 
hybrid moving - tobacco coefficient for decoupling: 0.4
to a flat rate 
model
Greece 2006 SPS historical - seeds - Article 69 application:
- Article 69 application: = 2% of the ceiling for tobacco, 
= 10% of the ceiling = 4% of the ceiling for olive oil,
for arable crops, = 4% of the ceiling for olive oil, 
= 10% of the ceiling =10% of the ceiling for sugar
for the beef sector, =10% of the ceiling for sugar 
= 5% of the ceiling for the - 2% deduction in the olive oil sector for
sheep and goat sector. the funding of working programmes 
established by producer organisations 
(Art 110 (i) of 1782/2003 and Art. 8 of 
Reg. 865/2003). 
Annex VII point H and I: 
- tobacco and olive oil coefficient 
for decoupling: 1
Spain 2006 SPS historical - seeds 100% - tobacco coefficient for decoupling: 0.4
- arable crops 25% - olive oil coefficient for decoupling:
- sheep and goat premiums 50% 0.936
- suckler cow premium 100% - Article 69 application: 
- slaughter premium calves 100% = 5% of the ceiling for the cotton sector,
- slaughter premium bovine = 10% of the ceiling for the cotton sector,
adults 40% = 10% of the ceiling for sugar
- Article 69 application: 
= 7% of the ceiling for the 
bovine sector, 
= 10% of the ceiling for dairy 
payments 
- outermost regions 100%
France 2006 SPS historical - arable crops 25% - 10% deduction in the olive oil sector
- sheep and goat premium 50% for the funding of working programmes
- suckler cow premium 100% established by producer organisations
- slaughter premium calves 100% (Art 110 (i) of 1782/2003 and  
- slaughter premium bovine Art. 8 of Reg. 865/2003) 
adults 40% - hops payments 25% coupled
- seeds (some species) Annex VII point H and I:
- outermost regions 100% - olive oil coefficient for decoupling: 1 
- tobacco coefficient for decoupling: 0.4
Italy 2005 SPS historical - seeds 100% - Article 69 application: 
- Article 69 for quality production = 8% of the ceiling for sugar 
= 8% of the ceiling for - 5% deduction in the olive oil sector for
the arable sector, the funding of working programmes
= 7% of the ceiling for the established by producer organisations
bovine sector, (Art 110 (i) of 1782/2003 and Art. 8
= 5% of the ceiling for the sheep of Reg. 865/2003) 
and goat sector Annex VII point H and I: 
- olive oil coefficient for decoupling 
is increased to 1 
- tobacco coefficient for decoupling: 0.4 
- for the region Puglia, the decoupling coef-
ficient for tobacco is 100%
Hungary SAPS - separate sugar payments
Netherlands 2006 SPS historical - slaughter premium calves 100% -
slaughter premium bovine adults 100% -
seeds for fibre flax 100%
Poland SAPS - separate sugar payments
Source: European Commission, 2007
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Germany, Italy and Poland were the main tar-
get of the study. Germany and Italy were the largest
countries implementing the SFP since 2005,
adopting different decoupling mechanisms. Poland
provides a case of a country in Eastern Europe,
with an important agricultural sector and with a
different policy setting, characterised by increas-
ing area payments through the SAPS scheme. The
cases studies in the other countries were selected
by following complementarity criteria. In particu-
lar:
• Spain and Greece complement the results
from Italy with purely Mediterranean areas;
• Hungary complements Poland with case
studies from a different new Member State;
• Netherlands complements other case studies
as a typical central-northern EU country;
• France represents an important share of agri-
culture in the EU 15, furthermore it is a
benchmark country for the SFP implementa-
tion, as it applied a partial decoupling.
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4.4. Case studies and sample description
A summary of the case studies analysed in the study with the number of questionnaires is shown in
Table 4.
Table 4 – Summary of case studies and farms surveyed (number of questionnaires)
Altogether, 248 farms were surveyed, distrib-
uted into 43 case studies. Of these, 33 were lo-
cated in the three countries chosen as the main
targets of the study (Italy, Germany and Poland). 
Of the 248 household case studies, 195 were
conducted in Italy, Germany or Poland. Question-
naires were asymmetrically distributed among
conventional and emerging farming systems, with
a higher number for the former (166) compared to
the latter (82). It must be emphasised once again
that the main point of the study was to understand
the mechanisms through which farmers are react-
ing to policy. Accordingly, the choice of the num-
ber of cases in the survey came from an
assessment of the trade-off between in-depth
analysis and coverage, given resource constraints,
being aware that it may be somewhat unsatisfac-
tory in terms of extrapolation and generalisation of
the results.
Sample composition in Italy, Germany and
Poland was designed to cover all the production
specialisations that were chosen ex-ante (Table
4). However, for some of them, namely emerg-
ing mountain arable and trees in Poland as well
as emerging plain trees in Germany, it was not
possible to identify relevant examples (with the
exception of very peculiar cases that were ex-
cluded). Case studies in Spain dealt with 16
farms growing olive and citrus fruit (plus one
arable); selected farms are both conventional and
organic. Case studies in Greece included 12
arable production farms, both conventional and
4.
 C
as
e 
st
ud
ie
s:
 d
es
cr
ip
tio
n 
an
d 
sa
m
pl
e 
se
le
ct
io
n
62
organic. In the Netherlands case studies involved
dairy farming and included 12 farms . Selected
farms are conventional and organic. Case studies
in France involved arable farming. The 6 selected
farms are conventional only. The Hungarian case
study considered arable crops and livestock
(dairy, beef and pork) production. Six farms were
considered altogether; they are all conventional.
Basic sample statistics are given in Table 5,
while more detailed statistics by case study are
provided in Annex II.
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Table 5 – Sample descriptives
The legal status of the farms was normally in-
dividual/family farms. These were the main target
of the project and also comprise the only type of
farm in Greece, the Netherlands and Poland. In
Hungary farms are equally distributed between
family farms and limited liability companies, and
the latter category is of major importance in this
country compared with other case studies. In Italy,
the majority of farms are family/individual farms;
however, a relevant number of limited liability
companies was included. Those were, in most
cases, formalisations of relationships between fam-
ily members who are in fact the only participants
in the company. At least for Italy this hints at a pos-
sible evolution of the most professional family
farms, where different members take part in farm-
ing activities.
The age of the farm head/manager covered a
very wide range, though in the majority of cases it
was concentrated between the mid-forties and
mid-fifties, making the sample younger than the
national average in most countries. About 50% of
the farm heads have a successor to maintain farm-
ing.
The average labour availability per household
was rather varied across countries. The share of off-
farm labour was even more varied across cases.
While in Greece and Hungary all labour is dedi-
cated to the farm, in France and Spain off-farm
labour tends to prevail. Italy is in an intermediate
position. Livestock and fruit farming tend to re-
quire greater participation of household labour on
the farm.
The farms in the sample were rather large
compared with the respective national averages.
The largest farms are those in Hungary and the an-
nual crop producers in France and Italy, as well as
emerging livestock producers.
Renting plays a major role in land availabil-
ity, particularly for annual crops and livestock. In
most case studies except Poland, the Netherlands
and, to a lesser extent, Italy, rented land accounted
for a share of the farm area equal to or higher than
owned land. This reflects the difficulties for farm-
ers trying to expand by buying land and, at the
same time, hints at the important role of rent in the
structural adjustment process. This is consistent
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with a general trend throughout Europe. At the
same time, this feature qualifies the sample as
being composed of mainly expanding farms. This
issue will be further developed in the following
section. Contrary to the primary role that renting
land plays for annual crops and livestock, tree
crops tend to encourage ownership-based land
usage.
The modelling exercise has been performed
on a subsample of the households surveyed. A
summary of the models built is given in Table 6.
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Table 6 – Number of models
The households modelled were qualitatively
identified as those representing the mode of each
group within each country case study, that is less
affected by individual specificities.
Exclusion criteria included:
• fruit and other tree farms, as only margin-
ally affected by CAP, with the exception of
olive production in Spain;
• farms/households with prevailing non-farm-
ing, agritourism or agro-industry activities;
the main reason is that economic data col-
lected for non-farming activities were found
to be rather unreliable;
• livestock farms that were more strongly spe-
cialised in pigs and poultry production, as
opposed to mainly dairy farms, that were
maintained as the main focus of the research;
• farms/households with very singular indi-
vidual features, e.g. exceptionally large or
small, with special constraints on land qual-
ity, etc.
In the chosen methodological approach,
which is based on a small number of farms, it
should be emphasised that, given the criteria for
selecting the farms to be modelled, the quality
and reliability of the results do not strictly depend
on the number of models. However, enlarging the
sample of modelled farms helps in understanding
the variety of possible reactions to policy scenar-
ios. It can also help in moderating the effects of
extreme behaviours (e.g. abandonment) on the
average outcome. As average results can not be
expected to be statistically representative of
whole areas and do not fully account for the vari-
ability of effects across different farms, results for
individual farm-households are a complementary
important information for allowing a deeper un-
derstanding of the mechanisms of change. Such
results are provided in Annex IV.
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5. Results
5.1. Farm perspectives and strategies
In this chapter the main results are presented. The first section is dedicated to the description of house-
hold perspectives, objectives and strategies.
Among the objectives, reducing income uncertainty was by far the most highly ranked (about 70% of
households put it first or second), followed by household worth (value of household assets), which was
most often ranked second (Table 7).
Table 7 – Main objectives of farm households (number of answers per ranking position)
From qualitative insights gained from the interviews, the main component of uncertainty was associ-
ated with unclear expectations about the future of farming income, mostly related to a general concern for
the future of the farming sector as a whole and to the trends in agricultural prices in recent years. A simple
interpretation of uncertainty in terms of income variability is not possible.
The leading constraint to farm development identified by the respondents was related to the market
share of key products; that was ranked first or second by about half of the interviewees (Table 8).
Table 8 – Main constraints to farm development (number of answers per ranking position)
It was followed by land and liquidity availability, of more or less the same importance. The importance
of land availability is consistent with the growing role of rent. It is interesting to note that, while liquidity
was listed as an important constraint, credit availability itself was not perceived as a major problem, which
could suggest problems with the cost, rather than with availability, of hired capital. Labour constraints had
a minor relevance and mainly impacted on the more labour intensive systems.
Altogether, the main problems are perceived on the output (product market) side; however, limits re-
main also on the input side, in which constraints due to land and capital markets are almost equally impor-
tant, followed by labour.
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A high proportion of the farms in the sample use credit (Table 9). Short-term credit is used by about half
of the farms, especially livestock and orchard farms. Emerging systems show remarkable differences in the
use of credit compared to conventional in single systems. However it is not possible to identify a generally
different attitude. Long-term credit is more frequently used in livestock farms in plain areas, where more than
half use this type of credit.
Table 9 – Farms accessing credit (% of the total number of farms in each system)
Most farms show a high degree of integration in the food chain, as quantified by production contracts
(Table 10).
Table 10 – Production contracts in place (number of farms per number of production con-
tracts per farm)
Only a small number of farms have no production contracts with buyers (concentrated in the tree sec-
tor). Most farms have at least one contract in place, but crop producers often have three to four contracts.
Many farmers stated that, according to their expectations, in the future it will not be possible to produce
without contracts with the processing industry.
The picture emerging from the sample hints at an important bias towards younger, dynamic and expand-
ing farms. This is largely due to the selection effect produced by the complexity of the questionnaire and by
the ease of approach for this kind of farm. This effect should be carefully kept in mind when providing the
following analysis and comments. On one hand, the average results from the sample cannot be generalised
as many aspects of behaviour, reaction to policy in particular, can take opposing directions depending on
farm characteristics. On the other hand, the results are somehow more representative of the farms that likely
will survive and develop with productive purposes. The results may, therefore, be used as an indication of
what the farms of tomorrow will be and do.
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Expectations about the future (in five years time for prices and after 2013 for policies) are for increases
in prices for both agricultural products and production means (Table 11).
Table 11 – Expectations of prices and payments – direction of change (%)
However, the number of farmers who believe that agricultural product prices will increase is only about
two-thirds that of farmers who believe that costs will increase. Payments are expected to decrease with the
exception of rural development and organic payments. Expectations about payments received a lower num-
ber of responses, probably revealing difficulties in predicting future policy developments.
Prices and payments are not expected to vary a lot on average (again in five years time and after 2013
respectively) (Table 12).
Table 12 – Expectations about prices and payments – sizes of changes
The responses show that the cost of production factors is expected to increase more rapidly than prod-
uct prices, revealing expectations of a further narrowing of incomes. Reductions in payments are on aver-
age of minor importance, with the exception of coupled payments. The expectations show an important
range of variability, with extreme expectations forecasting total abolition of payments. However, the stan-
dard deviation reveals that a substantial proportion of responses is distributed close to the average.
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5.2. Investment behaviour
The households in the sample show a positive attitude with respect to investment (Table 13).
Table 13 – Main intended investments
Number of farm Number of 
households (%) investments (%)
Off-farm 13%
investments House (new or restructuring) 71%
New car 18%
On farm Land 31%
investment Farm buildings 36%
Cow houses and milking rooms 29%
Machinery buildings 16%
Barns and sheds 11%
Machinery 50%
Tractors 30%
Forage harvesting 12%
Soil cultivation 9%
Out of 248 households, 33 (13%) state the intention to carry out an off-farm investment in the next five
years. In more than half of households, such investments are expected to be building a new house or re-
structuring an existing one, in most cases for household use. About one-fifth of off-farm investments con-
sists of a new car.
With respect to farming related investments, about 31% of farms state the intention to buy land. The
amount of land that is predicted to be bought is only about 7% of the total land already owned and it is con-
centrated among a few farms. Land purchase intentions are to a large extent concentrated in Poland. The
emerging profile is that of purchases aimed at complementary land acquisition, while rent remains the main
expansion mechanism. Stated expected prices of land range from about 2700 euro/ha in Hungary to 40000
euro/ha in The Netherlands.
Out of 248 households, 90 (36%) state the intention to make an investment involving farm buildings,
for a total of about 130 investments (roughly 0.5 per farm). In most cases these are cow houses and related
parts of buildings (i.e. cow house restructuring and improvements, milking rooms, etc.). 
A second group of investments, far less relevant, is machinery recovery and analogous items. About
50% of the farms reported intentions to invest in machinery, with about one piece of machinery per farm.
Among machinery types, the most frequently cited were tractors (more than 30%). Other types of machin-
ery were very varied, depending largely on the farm specialisation.
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5.3. CAP reform and decoupling
The amount of CAP payments received by farms varies substantially across systems (Table 14).
Table 14 – SFP payments received (euro/farm)
Arable crop systems and livestock receive much higher revenues from CAP payments, both as an av-
erage per number of hectares and as a total amount per farm. It is relevant to point out that in some
systems/countries/farms the CAP payment does not reach an amount high enough to justify any relevant ef-
fects on household/farm decision-making. In Italy, for example, payments are limited to a few hundred
euros for tree cultivation and are never big sums in mountain areas, except for livestock.
On-farm use of SFP is widespread, reaching in many circumstances 100% of the SFP received, while
off-farm use is almost irrelevant, with a few small exceptions (Table 15).
Table 15 – Stated use of SFP (% of money received)
Among on-farm uses, covering current expenditure is the main use of SFP money. Basically, use for in-
vestment mainly occurs for livestock. Otherwise, only crops in southern Europe show a relevant use for in-
vestment.
In spite of this clear-cut response, it should be noted that the question itself is problematic. There is no
such thing as a specific destination for money. This was noted by many farmers and anticipated in con-
structing the questionnaire. The SFP contributes to the overall revenue and the revenue is distributed across
items of expenditure. However, as the money comes at some stage of the year and as a whole sum, it tends
to be associated with some specific use depending on the financial conditions of the farm.
In an analogous way, the use of SFP does not provide direct information about changes brought about
by decoupling, as it does not contains any information about “additional” effects solely due to the policy
change. For this reason a further question about the impact of the introduction of the SFP (i.e. decoupling)
has been asked. For the majority of respondents, the shift to SFP has had no relevant effects on farm choices
(55% of the total) (Table 16).
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Table 16 — Stated effects of SFP (%)
This occurs in particular for systems where the absolute values of the payments per farm are lower. This
is consistent with the expectation that farmers are not sensitive to small changes in payments or to changes
in the way small payments are related to production.
Among farmers reporting changes, most of the respondents (27%) reported an increase in on-farm in-
vestment. This behaviour was concentrated in livestock farms and, to some extent, in trees. It was more fre-
quent on plains. However, a small cluster of farms (6%) also stated the opposite, by reporting disinvestment.
This was more frequent among livestock farms in mountain areas.
About 8% reported a change in crop mix. This group mainly belongs to livestock and crop producers.
Minor changes (which are difficult to interpret) were reported in off-farm activities.
Merging these results with composition of the sample by country, a consistent interpretation can be
stated as follows. SFP does not encourage, but at least allows, a higher degree of investment in Eastern Eu-
rope (positive answers to the question on increasing investment were largely driven by Polish farms) and in
the most competitive systems; this effect is also associated with lower asset endowment (Poland again), or
with a greater need for investment (livestock again).
SFP tends to encourage disinvestment in less productive (mountain) areas, with a reallocation of activ-
ities towards plain areas.
It must be made clear that these trends have to be regarded cautiously. In Italy the survey was carried
out at the end of the second year after the decoupling occurred and the stated behaviour seems to corre-
spond in most cases to the actual behaviour. This is true at least as far as the effects on farm activities are
concerned. Decisions in terms of investments may take longer, but most respondents gave answers detailed
enough to justify the expected reliability. The opposite happened in Poland and Hungary, where the ques-
tion was submitted in a totally hypothetical way. In such cases, the effect of the decoupled SFP could be
more realistically interpreted as the total effect of the CAP support.
Table 17 illustrates the relationships between the use of SFP and selected variables, defined by a sim-
ple one-to-one correlation exercise between each explanatory variable and the dependent variable.
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Table 17 – Correlation between the use of SFP and selected explanatory variables*
* + = positive significative correlation; - = negative significative correlation; no sign = no significative correlation;
significativity at 5%.
Use for current expenditure was correlated to employment of external labour only. On-farm invest-
ment was positively correlated to the SFP/revenue ratio and the share of rented land to the total farm area.
Use for off-farm current production expenditure was correlated to farm heads labouring off-farm. Off-farm
productive investment was positively correlated to SFP amount and the SFP/revenue ratio and negatively cor-
related to farm heads labouring on-farm. Off-farm non-productive consumption was only correlated to the
SFP/revenue ratio, while non-farming and non-productive durable goods investments were negatively cor-
related to farm heads labouring on-farm, and positively correlated to the SFP/revenue ratio.
These results confirm the consistency of farm responses with most of the literature on investment, par-
ticularly: the joint choices of labour and investment directions, the interest of farms in joint residential and
labour choices and the importance thresholds of the absolute and relative values of SFP as a prerequisite to
any effect on farm choices.
The same kind of exercise is performed in Table 18, where ‘explained variables’ are those related to the
stated effect of decoupling.
Table 18 – Correlation between the stated effect of decoupling and selected explanatory
variables
* + = positive significative correlation; - = negative significative correlation; no sign = no significative
correlation; significativity at 5%.
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An increase in on-farm investments is posi-
tively associated with SFP amount, successor, and
total land, while it is negatively correlated with
production contracts, farm head age and part-time
working. An increase in off-farm productive invest-
ment is negatively correlated with on-farm labour.
Increase in off-farm productive investments is neg-
atively correlated with household head labour on
farm. These results are consistent with theory, and
say that bigger farms, with younger farmers and a
higher share of labour allocated to farming see in
the decoupling an opportunity to expand through
on-farm investment. The fact that an increase in
off-farm non-productive investment is positively
correlated with the successor is more difficult to
explain, though it may be caused by the fact that
households with a successor are more willing to
invest in non-farm assets on the farm (typically a
new house). Decreases are more difficult to ex-
plain, also because the number of positive answers
was far lower than to the previous question. Only
off-farm non–productive investments are positively
correlated to SFP amount and percentage of rent
on total available land, which may identify a strat-
egy based on exploitation of farming activity as a
source of income to be used for consumption or
rent seeking activities outside the farm. Changes
in crop mix are positively correlated with total
labour off-farm. No changes are positively corre-
lated with production contracts, farm head age or
total labour on-farm, but negatively correlated to
the availability of a successor. This is consistent
with the expectation that there will be no reaction
by specialised fruit farmers (typically based on
high amount of labour), by farms more strongly
constrained by relationships with the other stages
of the crop chain (contracts), and by oldest farmers
without successor.
The results confirm that the SFP tends to con-
tribute to and is consistent with the general strategy
of the farm, i.e. increasing investment in farms that
already have a positive attitude to investment and
enlargement.
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5.4. Simulation of scenarios impact10
5.4.1. Economic effects of scenarios
Decoupling yields strongly contrasting results in terms of income (Table 19).
Table 19 – Change in farming income compared to Agenda 2000 (%, standard deviation in
italics)
In fact, the reform 2003 scenario (2.1) shows increases as well as decreases in farming income com-
pared to the baseline scenario represented by Agenda 2000. Considering the data by system, higher in-
come improvements appear in Greece, in mountain arable crops in Italy and in Germany plain livestock,
while the worst results (income decreasing) appear in plain livestock in Hungary and in plain arable in
Poland. However, the standard deviations show how variable these results are for single farms. In fact, in
almost all cases study areas both positive and negative results arise in individual farms (compare also Annex
IV). 
This encourages us to think that individual farm characteristics play a far more important role than sys-
tem characteristics in determining the impact of decoupling. In particular, the individual results may be the
outcome of at least four contrasting factors. First of all, as expected from the literature, decoupling may in-
crease flexibility, allowing a better adaptation to profit seeking and increasing income. However, and this
is the second point, when a household is already heading for a retirement strategy, decoupling may en-
courage such a strategy, yielding a reduction in farm income. In addition, there may be a discrepancy (in
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narios on selected individual farm modelled are given, respectively, in Annexes III and IV. Results are given as percentage differences from
Agenda 2000 and standard deviations of the differences in each case study area (small italics font in the tables). The distinction between
emerging and conventional systems has purposefully not been maintained here as the results are not significantly different (or differences
may depend on other factors). A comparison of conventional and emerging systems based on individual farm results may be found in
Annex IV.
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some cases a strong one) between the historic crop mix that gave rise to payments rights and the present
crop mix; this can generate an effect due to the reform in the direction of either positive or negative income
change. Finally, there were farms that, in the baseline, were pursuing an expansion strategy driven by pay-
ments; for these farms, the baseline in fact included an increase of payments through an increase of pay-
ment-benefiting activities (e.g. milk production, cereals). In this case, decoupling causes a reduction of
income as expansion is slowed, or stopped, due to the lack of pulling effects of area -or head-coupled pay-
ments.
As a result, when read on a single farm basis, decoupling may yield results in any direction. In the pe-
riod 2014-2021, the results may tend to become more extreme in some areas (i.e. completing the adapta-
tion process) and to reverse in others (less frequently).
The other scenarios show very sharp reductions in income in cases where a reduction in prices (by 20%,
see scenario description) is assumed (2.2 and 3.3). The results for livestock show the sharpest decrease (up
to 68% in the period 2006-2013 and up to 70% later). This shows the difficulties of these systems, where
the difference between revenues and costs is already very narrow and there is a need to face important
costs for purchased production means.
These results show that we are at a critical point for farm profitability; this is true under the present price
expectations, but things can change in the case of (even slightly) better price conditions.
Scenarios with a total (3.1) or gradual (3.2) reduction of payments after 2013 yield stronger effects in
Hungary, and most often stronger negative results for arable and mountain farms. It is remarkable, in addi-
tion, that farms anticipate adaptation, with a reduction in income already before 2013 (assuming they know
about policy changes in advance).
As a consequence of the previous outcome, the total household income also changes in different sce-
narios (Table 20).
Table 20 – Change in household income compared to Agenda 2000 (%, standard deviation
in italics)
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The various differences between this table and the previous one are explained by the different shares
of off-farm income for different farms, which, in addition, change as a reaction to scenarios. However, most
of the farms in the simulation exercise are characterised by a prevailing allocation of labour on-farm and
this explains the small differences with the previous table for the majority of cases.
Assessing the reliability of these figures is certainly difficult, as off-farm revenue opportunities (alterna-
tive accessible job supply) are considered stable among the scenarios and household dynamics (e.g. chil-
dren growing up) are not considered at all.
The change in used land compared to agenda 2000 reveal a tendency towards a reduction of farm area
(Table 21).
Table 21 – Change in used land compared to Agenda 2000 (%)
This is done by giving up some of the land rented in or by selling land or by not carrying out land pur-
chases planned under the Agenda 2000 scenario. Given the use of individual household (farm) models
these results only say that the shadow value of land tend to decrease compared with the (exogenous) prices
adopted for land purchasing and rent. Decoupling contributes marginally to this effect, while price or pay-
ment reductions show substantial changes.
Table 22 summarizes the changes in areas cultivated for some major activities (crops and livestock). Tak-
ing into account the reduction of total cultivated area, most of the major crops show minor adaptations. Gen-
erally speaking all cereals tend to decrease, while forages tend to increase due to decoupling11. In the short
run, only tobacco and sunflower show major negative reactions to decoupling. In the long run, also wheat,
vegetables and other cereals show important negative changes.
In case of price reduction, vegetables, alfalfa and cereals are the more reactive.
Due to the type of approach taken, this result is certainly one of the most contentious, as it does not
take into account chain effects, territorial constraints and complementarities. However it confirms a trend
towards extensification due to decoupling and/or price reduction.
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Table 22 – Changes in major crop/livestock across scenarios (% area/number change)
The variety of investment choices and of values for single investments makes the variability of results
so wide as not to allow generalised conclusions about the effects of scenarios on investment (Table 23).
Table 23 – Change in net investment compared to Agenda 2000 (%, standard deviation in italics)
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However, decoupling brings generally a reduction in investments, with exceptions such as in Poland
and Italy. Payment reduction and, more importantly, price reduction lead to a collapse in investment in
most cases, again with some exceptions. It must be noted that changes in policy and prices may yield to in-
dividual transitory periods with prevailing investments.
Changes in investment according to asset type, represented by the prevailing direction of change in
terms of number of case studies, yield a substantially stable picture (Table 24).
Table 24 – Prevailing direction of change by type of investment across scenarios 
Decoupling tends to cause no major changes. Price reduction tends to decrease investments, with the
exception of tractors in the second period (that, however, move in different directions in scenario 2.2 com-
pared to 3.3). Gradual payment reduction affects mainly tractors (with contrasting effects, however) and
seems to cause more effects in the first period compared to the second (assuming farmers can anticipate the
change). 
5.4.2. Social effects of scenarios
The social effects of scenarios are captured exclusively using labour information. Scenarios different
from the baseline generally bring a reduction in on-farm labour (Table 25).
Exceptions are some individual cases where decoupling brings incentives for a small increase in labour.
Price reduction or payments cuts, on the contrary, bring unambiguously a substantial reduction in employ-
ment. The effect is particularly strong in Hungary. The variability of the results across households in the
same case study and across case studies is mostly lower than for the changes in economic indicators dis-
cussed above (income and, particularly, investments). This because changes in labour use tend to measure
an aggregated organisational shift of the farm, where compensation between processes are possible and ef-
fects due to changes of price and payments are not relevant up until they cause a change in the activity mix.
On the other hand, it should be kept in mind that a strong reaction in terms of organisation and labour
allocation may be driven in this household model by the direct inclusion of opportunity revenues that can
be derived by off-farm use of capital and labour (see model description). Compared to the model, real life
reactions may be smoother (but in some cases also sharper), depending on individual objectives not for-
malised in the model, on trends in external labour and credit markets, and on contingent opportunities for
employment and capital allocation, as well as on the stage of the household life cycle. T
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Table 25 – Changes in total labour use on-farm in different scenarios (average 2006-2013; %,
standard deviation in italics)
5.4.3. Environmental effects of scenarios
Table 26 summarises the main effects on the environment, represented by the usage of nitrogen.
Decoupling brings generally no change or a decrease in nitrogen use, hence reinforcing the expecta-
tion of an extensification effect. Arable crops show a further relative reduction in nitrogen use shifting to the
further scenarios. The strongest reduction occurs for the case of decoupling with lower prices. On the other
hand, in the scenarios with reductions in payments, this effect is counterbalanced by the search for profit
by cultivating more intensive crops.
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Table 26 – Change in nitrogen usage compared to Agenda 2000 (%, standard deviation in
italics)
Analogous trends than those observed for nitrogen use occur for water usage in Mediterranean regions
(Table 27).
Table 27 – Changes in water usage compared to Agenda 2000 (%, standard deviation in italics)
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6. Policy implications
The main policy implications may be found in the qualitative descriptions of decoupling effects on dif-
ferent farm/system types provided in Table 28.
Table 28 – A policy-related classification of farms/systems
Type of farm/system Farms/systems Main role of decouplied payments
CAP-indifferent Very small farms, fruit farms None
Income-CAP-dependent Eastern Europe, disadvantaged areas Income support, more crop-neutral
Farming-CAP-dependent Old farmers, Encourages land retention, 
retiring high labour opportunities but with extensification
Farming-CAP-dependent Livestock, large arable crops, Encourages investment
expanding young farmers
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This qualitative (and tentative) classification of
farm types aims to qualify different actor groups
that could be identified as different policy ad-
dressees with respect to future policies.
First, for CAP-indifferent agents, the policy has
no relevance in the sense that it does not affect de-
cisions and, at the same time, does not have a rel-
evant impact on income. These payments likely do
not respond to any policy objectives and their final
reduction or elimination could be considered in
order to save money, if necessary.
Income-CAP-dependent households are those
in which the main effect of CAP is to support in-
comes, with little effect on production, due to en-
vironmental or technical constraints. The relevance
of the CAP payments is socially dependent: they
may be very relevant in some areas and not rele-
vant at all in others, depending on opportunities
of external income. If this is to be the role of the
policy, it may be worthwhile to take into consider-
ation the option to re-address the policy towards
more objectives-compatible mechanisms, e.g. ‘so-
cial cross-compliance’. However, where agricul-
ture is no longer a social issue in rural areas (see
allocation of labour and income on- vs off-farm),
there appears to be no clear need to use CAP as a
vested social policy.
For farming-CAP-dependent retiring house-
holds, the decoupling policy may have different ef-
fects depending on the overall household strategy.
Here, incentives clearly interact with human fac-
tors and background household strategy. In many
cases, due to ageing or alternative sources of in-
come, there may be reasons to give up farming and
this may be encouraged by a decoupled policy.
This choice may depend on the overall profitabil-
ity of farming. However, the fine-tuning choices
about activities to be carried out on the farm may
be more dependent on personal considerations
rather than profit driven choices. In many cases,
giving up farming may be not associated with sell-
ing land, which may encourage the diffusion of a
category of smallholders’ residents renting out
land.
Finally, there are farms that, because of their
characteristics, tend to retain farming activity and
expand if possible. In most cases they are found in
more labour-intensive and more value added sys-
tems (livestock or fruit) or are large arable farms,
with younger farmers and a relatively large house-
hold mostly working on-farm. They may be driven
by the lack of external opportunities, farmer ex-
pertise, and household critical mass. These farms
tend to consider the CAP payment as a useful inte-
gration of income and use it to cover current ex-
penditure, but also for investments. This is also
pushed by the fact that most of them already expe-
rience shortages of liquidity and use credit. In this
case, the decoupling may have a role in providing
steady and market-independent revenues that can
be used for farm expansion. This is clearly the case
in systems in which capital intensive activities are
associated with potentially extensive land manage-
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ment (livestock production, some tree production).
This case was rather important in the sampled
farms, though it is likely much less frequent in the
whole population.
This farm strategy makes the decoupled pay-
ment still maintaining some coupled effects. This
could be regarded as an unwanted effect when
evaluated against the objective of reducing policy
influence on the markets. However, when invest-
ment is perceived as a legitimate policy objective,
this could deliver a rationale to allocate public ex-
penditure in order to address it directly: e.g. fund-
ing investments under rural development
programmes, risk reduction schemes, debt guaran-
tee schemes, etc.
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7.1. General findings
The main research question addressed in this
report is the impact of SFP on investment behav-
iour in different farming systems. This issue is po-
sitioned at the intersection of a number of areas of
research and requires an understanding of the in-
terplay of all the main factors affecting farming ac-
tivities and rural life.
The literature review has shown the impor-
tance of investment behaviour and the number of
issues it touches, such as household structure, at-
titudes and evolution, long-term expectations, per-
ceived opportunities and costs of resources, which
focus attention on the wider socio-economic con-
text. As a consequence, also, the set of method-
ological options considered is rather broad.
The present study relies on a combination of
primary information collected through a survey of
about 250 farm households in eight European coun-
tries and the evaluation of scenario effects based on
multicriteria dynamic programming models.
The main outcome of the study is that, in most
cases, farms show minor or no reaction to decou-
pling. Where some changes occur, the impact of
decoupling is highly differentiated across different
technology systems, i.e. conventional and organic,
and, even more importantly, across different farm
types, i.e. crops, livestock and trees. The effects
very often lead farms in the same system in oppo-
site directions if they differ in resource endow-
ments, structure and human capital.
Scenario analysis shows that CAP as a whole
is crucial for the economic and social sustainabil-
ity of farming systems. It also predicts differenti-
ated outcomes, where prices appear more
important than policy and adaptations of farm ac-
tivities appear more important than investment as
a reaction to both policy and prices.
Altogether, post-decoupling CAP looks very
much like a policy with multiple impacts but un-
certain objectives, which takes different roles de-
pending on the context in which it is cast. As a
result, the study hints at the fact that a number of
wider issues should be addressed more directly in
order to understand farm household behaviour
with respect to policies. In particular, demographic
trends, extra-farming labour, capital and land use
opportunities, technological options and personal
strategies seem to be increasingly major drivers of
farm reaction to the CAP.
7.2. Methodology
For its characteristics, the methodology used
was flexible enough to fit the project’s objectives,
though very demanding in terms of data gathering
and processing. The jont use of primary informa-
tion concerning stated behaviour in relation to
policies and modelling tools revealed a good strat-
egy in order to interpret a wide variety of decision
mechanisms. The modelling activity produced a
set of locally adapted models that could be further
developed into a ‘true’ farm investment model or
structural adjustment model. As it was designed,
the modelling part tended to overestimate whole
farm management choices (i.e. selling land) and to
underestimate crop mix changes.
Should the study be replicated or expanded,
the experience gained up to now already hints at
possible improvements. For example, the method-
ology could be improved through the use of an in-
teractive procedure that allows for checking the
model’s outcome with farmers.
However, the big issue remains that of cover-
age and extrapolation of detailed decision mech-
anisms into a full view of EU farming systems.
Hence, further analysis may also be devoted to ex-
trapolation and expansion of the results, connect-
ing models with upper scale models and general
statistics as well as exploring meta-modelling op-
portunities. However, a relevant background work
would need to be done to allow a fruitful integra-
tion of existing methodologies.
At the same time, the literature on farm invest-
ment behaviour also shows the existence of a va-
riety of methodologies that could be used in order
to get complementary insights, particularly should
7. Discussion
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the scope of the research be revised towards more
defined objectives. This connects to the next issue.
7.3. Further research
This work clearly hints at possible develop-
ments of the research that could be considered
after the end of the project.
First of all, the decision to try to interpret pol-
icy-related behaviour in the light of whole house-
hold management proved fruitful and relevant.
However, the characteristics of the selected farms
encourage us to look further ahead. New societal
forms and chain connections through contracts are
major structural and decision-related features in
the sample that also deserve greater attention in a
future study of farming-related behaviour.
On the supply side, the issue of machinery
service providers was also marginally dealt with
here, while the relationship between on-farm and
off-farm mechanisation will likely be a major
driver of future investment behaviour in rural
areas. In addition, land markets and the interac-
tions between farms through land rent should be
better understood.
Finally, technology change was also partially
considered here. Three main points to be devel-
oped are the further possibility of exploiting
economies of scale (or at least an improved
land/capital ratio), the technologies deriving from
new crops (e.g. energy crops, GMOs), electronic
technologies and precision farming.
Putting together these issues, the research sug-
gests that further development is needed in order
to understand how tomorrow’s farm (or, better, to-
morrow’s farming/rural agents/systems) will look
and behave.
The research also calls for a deeper prospec-
tive analysis of the role of CAP in rural areas. The
fact that the varied effects of decoupled payment
seem to depend on the household and context
characteristics more than on farming system fea-
tures may require further research to understand
the action of drivers external to farming, and to
identify local policy objectives and policy designs
aimed at achieving such objectives. Non-farming
effects are clearly important and far from being un-
derstood in the literature.
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Annex I – Questionnaire
Presentation and treatment of personal data
The questionnaire focuses on the future of rural households and their investment behaviour. It will ask
for a number of information related to on-farm and off-farm activities, including personal objectives and ex-
pectations. The data collected will be treated in a completely anonymous form.
Add here a sentence about treatment of personal data according to national law.
Questionnaire code .........................................................................................................................
1. Location and contact details
1) Country ..................................................................................................................................
2) Region/area ............................................................................................................................
3) Post code................................................................................................................................
4) Address .................................................................................................................................
5) Name of interviewee .............................................................................................................
6) Name of Interviewer...............................................................................................................
7) Date .......................................................................................................................................
8) Time for filling-in....................................................................................................................
2. Farm type, structure and specialisation
2.1. Legal status of the farm
1) Individual/family farm
2) Limited company
3) Cooperative farm
4) Other, namely ........................................................................................................................
2.2 Land ownership (ha)
Type Area
Owned
Rent in
Rent out
Other (specify_____________)
2.3. Location
1) Plain
2) Hill/mountain
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2.4. Farm specialisation
1) Crops
2) Livestock
3) Orchard/vineyard/forest
Comments..................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
2.5. Type of production
1) Mostly conventional
2) Mostly organic
2.6. If organic, which share of the products are marketed as organic products 
...............................................................................................................................................%
3. Household structure and labour management
3.1. Household structure
Member Education
(role relative Education type On farm Off-farm Off-farm
to farm Male/ Age level (agricultural vs. labour employment income
head) Female (years) (see 12) non-agricultural) (hours/year) (description) (€/year) 
Farm head 
3.2. The farmer has a successor?
1) Yes
2) No
3) Do not know
3.3. Other people working on the farm
Worker (description) Labour time (hours/year)
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4. Farm organisation, constraints and connections
4.1. Constraints determining current farm activities (rank 1= most important, 2= second most
important, …, put a bar “-“ for those not important at all)
Constraint Rank Specify
Market share/contract of key products
Total household labour availability
Total external labour availability
Household labour availability in key periods
External labour availability in key periods
Land availability from neighbouring
Liquidity availability
Short term credit availability
Long term credit availability
Others 
4.2. Crop rotations/sequence (describe)
4.3. Production contracts in place
Product Established year Length (years) Amount of product (t/year)
4.4. Public contracts in place
Policy Tick Specify
Rural development contracts (reg. 1257/99) 
Local/national conservation contracts 
Others 
4.5. What organisations or persons provide advice to the farm (please tick only those consid-
ered most important)
Organisation Tick Specify
Public extension service
Private advice
Farmer association or union advice service
Agri-input provider enterprise
Downstream food processing enterprise 
and cooperative association advice service
Bank
Other farmers
Family
Machinery services
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4.6. Type of credit used (in 2006)
Credits Tick Paid interest rate (%) Specify use of money
None
Short term (<1 year) 
Medium term (1-5 years) 
Long term (>5 years)
4.7. Debt/asset ratio
...............................................................................................................................................%
4.8. Limits to accessing credit (please rank: 1=most important, etc.)
1) High interest rate
2) Insufficient collateral
3) Other guarantees requested
4) Others ....................................................................................................................................
4) No limit
5. Policy and decoupling
5.1. Single farm payment received
Year Euro Number of rights (ha)
2005
2006
5.2. Money from Single farm payment is used for (describe):
a) Off-farm .................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
b) On-farm .................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
5.3. Summarise the destination of money coming from Single farm payments (express % of the Sin-
gle farm payment)
Current expenditure Investment
On-farm 
Off-farm productive
Immediate consumption Durable goods
Off-farm non-productive
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5.4. Other payments received (e.g. axis 1 RDP, etc.)
Type Surface (ha) or heads (n.) Total amount
5.5. Money from other payments received is used for (describe):
a) Off-farm .................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
b) On-farm .................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
5.6. Summarise the destination of money coming from other payments (express % of the other
payments)
Current expenditure Investment
On-farm 
Off-farm productive
Immediate consumption Durable goods
Off-farm non-productive
5.7. What are or are expected to be the changes in your farm/household as a reaction to the in-
troduction of the single farm payment
Sectors Tick Specify
None
Increase investment
• On-farm 
• Off-farm productive
• Off-farm non-productive
Decrease investment
• On-farm 
• Off-farm productive
• Off-farm non-productive
Changes in crop mix 
Changes in other activities 
6. Perspectives & expectations
6.1. What are the expected changes in the social/economic environment influencing the farm-
household (e.g. new roads, infrastructures)?
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
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6.2. What conditions do you expect for household related activities in 5 year time
(2006=100%)
% Confidence in response 
(High, Medium, Low)
Price of consumption goods
Price of housing
Level of off-farm salaries
Interest rates
Comments..................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
6.3. What conditions do you expect for farm-related markets in 5 year time about the activi-
ties /crops that you are carrying out (2006=100%)
% Confidence in response 
(High, Medium, Low)
Product prices
Agricultural labour cost (price)
Cost of agricultural capital goods (price)
Cost of other production means (price)
Comments..................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
6.4. How will be the conditions of agricultural policy after 2013 (2006=100%)
% Confidence in response 
(High, Medium, Low)
Decoupled payments
Rural development payments
Payments for organic production
Coupled payments (specify)
Others payments (specify)
Comments..................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
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7. Household status and objectives
7.1. Household wealth and asset management
Unit Amount
Household total revenue 000 €/year 
Household consumption 000 €/year 
Household Debt/asset ratio % 
Household net worth 000 €
7.2. Objectives, targets and importance
Objective Importance Minimum acceptable Target by 2013
(rank) (% of 2006) (% of 2006) 
Household worth 
Household consumption
Household debt/asset ratio
Diversification in household activities
Income certainty
Leisure time
Others…
Rank 1=most important, 2=second most important, ecc.
Comments..................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
7.3. How important is the role of the farm in the overall household income
1) It is the main economic activity
2) It is an important integration of income
3) It is a secondary integration of income
4) It is a net loss
5) Others (specify) ......................................................................................................................
7.4. How important is the role of the farm in the overall household asset management
1) Does not have any particular role
2) Serves as a low-risk asset for investment differentiation
3) Has a strong affection value and we’ll never leave it
4) Others ....................................................................................................................................
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8. Present and future farm/household activities
8.1. Crops
Crop (description) Area in 2006 (ha) Cultivated in the last Considered/planned
5 years for the next 5 years
Year Area (ha) Year Area (ha)
8.2. Animals on farm
Animals on the farm (description) Number of animals Number expected Grazing
(2006) in 5 years (yes/no)
8.3. Other activities carried out on the farm
Description Measurement Unit Size/amount Starting date (year) Continued in the future 
(Yes/No)
8.4. Off-farm activities (only activities different from employment in question 3.1)
Description Measurement Unit Size/amount Starting date (year) Continued in the future 
(Yes/No)
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9. Past and future farm/household assets and investments/disinvestments
9.1. Main non-farm assets (stocks)
Presently owned
Description Purchase Unit Amount Purchase Expected end of life/ Replaced
year value disinvestment (year) (Yes/No)
Expected investment (excluding replacements) in the next 5 years (flows)
Description Purchase year Unit Amount Approximate value
Disinvestments (excluding replacements) in the last 5 years (flows)
Description Purchase year Unit Amount
9.2. Agricultural assets at present on the farm (stocks)
Land existing and disinvestment
Description Purchase year Ha Purchase value Expected disinvestment (year)
Land investment 
Description Purchase year Decided (Y/N) Area (ha) Approximate value T
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Buildings existing and disinvestment
Description Purchase Size Purchase Expected end of life/ Replaced Used for
year unit   amount value disinvestment (year) (Yes/No) crops/activities
Buildings investments
Description Purchase year Decided (Y/N) Size Approximate value
unit   amount
Machinery existing and disinvestment
Description Purchase Size Purchase Expected end of life/ Replaced Used for
year unit   amount value disinvestment (year) (Yes/No) crops/activities
Machinery Investments
Description Purchase year Decided (Y/N) Size Approximate value
unit   amount
Other equipment (e.g. PC) existing and disinvestment
Description Purchase Size Purchase Expected end of life/ Replaced Used for
year unit   amount value disinvestment (year) (Yes/No) crops/activities
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Other equipment (e.g. PC) investment
Description Purchase year Decided (Y/N) Size Approximate value
unit   amount
Quota and production rights
Description Purchase Size Purchase Used % Expected 
year unit   amount value disinvestment (year)
Quota and production rights investments
Description Purchase year Decided (Y/N) Size Approximate value
9.3. Main farm assets sold in the last 5 years (e.g. machinery, livestock, land, etc.) (flows)
Category (as above) Description Year Unit Amount
9.4. Others (including training) Investment/disinvestment
Description Year Decided Investment/disinvestment Size Approximate value
(Y/N) (I/D) unit   amount
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10. Activity-related details - average 2004-2006 (please include future activities
planned)12
10.1. Annual crops 
Crop/group Yield Price Variable Cash Labour Of which in Specify Use of Use of Notes
of crops (t/ha) (€/t) costs anticipation (h/ha) peek periods period nitrogen pesticides
(€/ha) (€/ha) (h/ha) (kg/ha/year) (kg/ha/year) 
10.2. Tree crops 
Crop/group Yield Price Variable Cash Labour Of which Specify Use of Use of Duration Cost of Notes
of crops (t/ha) (€/t) costs anticipation (h/ha) in peek period nitrogen pesticides (years) plantation
(€/ha) (€/ha) periods (kg/ha/year) (kg/ha/year) (euro/ha)
(h/ha)
10.3. Dairy Livestock
Livestock Stay in Milk Milk Variable Cash Labour Of which Specify Selling Weight Price
production yield price costs anticipation (h/head) in peek period age at selling at end
(years) (t/year) (€/t) (€/head) (€/head) periods (year) age (t) career
(h/ha) (€/t)  
10.4. Other Livestock
Livestock Selling Weight Price at Variable Cash Labour Of which Specify Notes
age at selling end career costs anticipation (h/head) in peek period
age (€/t) (€/head) (€/head) periods 
(h/ha) 
10.5. Other activities
Activity Size Price Variable Cash anticipation Labour Of which in peek Specify Notes
(choose-unit) (€/unit) costs (€/unit) (€/unit) (h/unit) periods (h/unit) period
10.6. Land productivity compared with the average of the region
...............................................................................................................................................%
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Annex II – Detailed descriptives by case study13
Table 29 – Legal status of the farms in the sample (% of individual/family)
Table 30 – Average size of the farms in the sample (ha per farm)
Table 31 – Percentage of land rented on an average-sized farm (%)
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Table 32 – Average age of the farm head in the sample (years)
Table 33 – Average labour availability in the sample (hours per year per household)14
Table 34 – Average share of off-farm labour in the sample (%)
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14 Data about labour were not always reported in detail in the questionnaires (often only number of household components was included,
not working hours). For this reason they are not included in these tables for some case studies. For the purposes of modelling, question-
naires were complemented with secondary data.
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Annex III – Validation parameters
Table 35 reports the value of the validation parameter used and the form (mono- or multi-objective) cho-
sen for each model. The validation parameter is the average of the normalised sum of the distances between
the simulated and the expected activity mix over five years (2006-2010). The expected activity mix is the
one stated by the farmer. Where data collection about activity intentions was not complete, the validation
parameter has not been computed. The choice between mono-objective or multi-objective models depends
first on the stated objectives by the farmers. When both were acceptable based on the farmer’s interview,
the better fitting model (according to the validation parameter described above) was chosen for simulation.
When both types of models simulated the baseline with less than 0.1 error, the multi-objective model was
chosen for simulation. The baseline was taken to be the present CAP as applied in each country.
Table 35 – Validation parameters and the model chosen
Acronyms are composed as follows:
• Country: PO = Poland; NE = Netherlands; IT = Italy; HU = Hungary; GR = Greece; FR = France;
ES = Spain; DE = Germany;
• Area: P = Plain; M = Hill/Mountain;
• Technology: C = Conventional; E = Emerging;
• Specialisation: A = Mainly arable crops; L = Mainly livestock;
• Number: is the numerical identifier of each farm in each case study area.
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Annex IV – Details of farm behaviour under different scenarios
General remarks
In this annex, results are illustrated clustering farms by case study. The results reported include either
mono-objective (NPV) maximising or multi-objective models according to Annex III. For each farm, aver-
ages over the years 2006-2013 and 2014-2021 are reported. With the exception of the first table for each
case study, the numbers in the columns represent the scenarios (please refer to chapter 3 for scenario de-
scription). In all cases, the results are reported as percentage variations with respect to Agenda 2000. The
indicators reported here are farming income, household income, investment, labour, nitrogen use and water
use. In addition, specific investments and crop information are reported. Investment refers to the value of
net investment in all capital goods, including non-farm. However, due to model characteristics, non-farm
investment in non productive capital goods (e.g. house) is limited to replacement. Purely financial invest-
ments are not accounted. Incomes are measured as gross margins, without subtracting investment expen-
diture (that is accounted for by a separate indicator), as well as the cost for the use of own land, labour and
capital.
France – Plain - Arable
The French plain arable case study includes four farms (Table 36).
Table 36 – Summary of farm case studies modelled - France – Plain - Arable
The remaining two farms were not modelled due to the presence of livestock and off-farm activities.
While all of the farms modelled are family run, the differences in size are remarkable, ranging from 40 to
240 hectares. The debt/asset ratio was high in FRPCA06, while it could not be detected for the other cases.
For the purposes of the modelling exercise, this has been assumed to be zero.
Baseline indicators for France Plain Arable are shown in Table 37.
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Table 37 - Summary of baseline (Agenda 2000) of farm case studies modelled - France - Plain
- Arable
Incomes from farming are relatively good. Household incomes are not substantially different from farm-
ing income, due to the low weight of off-farm labour. The degree of investment is very low as well as is the
intensity of labour use. Nitrogen use is relatively high, while water use is negligible.
The results for the scenarios in terms of income are reported in Table 38.
Table 38 – Impact of the scenarios on income from farming - France – Plain - Arable
Decoupling generally brought a reduction in income in the range of 10%, with the exception of farm
FRPAC04, whose income increased slightly as an effect of higher flexibility (scenario 2.1). A reduction in
prices by 20% led to a reduction in income of between 20 and 30% (scenario 2.2). A total cut in payments
in the period 2014-2021 led to reductions in income of up to about 50% in this period (scenario 3.1), at-
tenuated in the case of a gradual reduction (scenario 3.2.)
The concurrent reduction of prices and payments (scenarios 3.3) between 2014 and 2021 led to
stronger effects in the second period, while the behaviour in the first period (2006-2013) remained un-
changed when prices remained the same (scenarios 3.1. and 3.2.).
The effect on household income was similar to the effect on farm income, due to the low relevance of
non-farming income, in spite of the fact that all households have some member working off-farm (Table 39).
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Table 39 – Impact of the scenarios on household income - France – Plain - Arable
In the first period, the scenarios generally led to no relevant changes in investment with the exception
of FRPCA04, i.e. the largest farm and the one with a positive debt (Table 40).
Table 40 – Impact of the scenarios on investment15 - France – Plain - Arable
In the second period (2014-2021), negative signs prevailed for farms FRPCA01, 4 and 6, though, in all
cases at least one price reduction scenario led to an increase in investment. As investment in the baseline
was negative (prevailing disinvestment), this means in fact an increase of investment.
Labour use on the farms was stable, with the exception of farm FRPCA05, in which it slightly decreased
and farm FRPCA01 that showed an increase in the second period (Table 41).
Table 41 – Impact of the scenarios on labour - France – Plain - Arable
Nitrogen was also stable and only farm FRPCA01 reacts, in this case with a moderate increase in all
scenarios except 3.3 (Table 42). 
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15 Land, farm buildings and tractors investment was already negative in the baseline scenario.
Table 42 – Impact of the scenarios on nitrogen use - France – Plain - Arable
The opposite trend was noted for farm FRPCA05 in the scenario involving price reduction.
Changes in activity mix are reported in Table 43.
Table 43 – Impact of the scenarios on selected activities - France – Plain - Arable
The decoupling brings no change in the short run. The changes due to other scenarios appear negligi-
ble, except for the increase of maize and the decrease of rapeseed when all prices decrease by 20%. Some
Good Agricultural and Environmental Conditions (GAEC) practices could be adopted, though in practice this
could be irrelevant. Generally speaking, farms do not seem to have major alternatives in terms of crop
choices, and the present crop mix already responded to a reasonable differentiation.
Changes in selected investments are reported in Table 44.
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Table 44 - Impact of the scenarios on selected investments - France – Plain - Arable
Only tractors and tillage machinery (and harvesting machinery in the second period) showed some re-
action, in all cases with a positive change, with the exception of the scenario 3.3 in the second period,
when changes are negative.
Germany – Mountain - Arable
The German mountain arable case study is represented by six farms, of which two are organic (Table 45).
Table 45 – Summary of farm case studies modelled - Germany – Mountain - Arable
The sizes vary between 40 and 240 hectares, with two cases out of five that rent out land.
Summary of baseline indicators for Germany Mountain Arable is shown in Table 46.
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Table 46 – Summary of baseline (Agenda 2000) of farm case studies modelled - Germany -
Mountain - Arable
Incomes from farming are rather high. Household incomes are even higher, due to the high impor-
tance of non-farming labour. The degree of investment is rather high, though it shows a mix of positive and
negative trends. Labour use is rather high for arable crops. Nitrogen use is relatively high, while water use
is negligible.
The results of the scenarios in terms of income are reported in Table 47.
Table 47 – Impact of the scenarios on income from farming - Germany – Mountain - Arable
Decoupling caused an increase in income in two cases, while it causes a decrease in other three cases.
The stronger increase effect was likely due to a discrepancy between the crop mix in the reference years and
the crop mix in recent ones (scenario 2.1). 
A reduction in prices by 20% led to reduction in income of up to more than 100% (scenario 2.2).
A reduction in payments in 2014-2021 (scenario 3.1) would lead to a reduction in incomes of up to
the same amount and abandonment of farming by two households (in scenarios 3.3).
The impact on the household income was attenuated in all cases with respect to the percent change
in income from farming (Table 48).
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Table 48 – Impact of the scenarios on household income - Germany – Mountain - Arable
Four farms out of six showed no change in investment activity due to decoupling (scenario 2.1) (Table 49).
Table 49 – Impact of the scenarios on investment- Germany – Mountain – Arable
On the contrary, price (scenario 2.2) and payment changes (scenarios 3.1, 3.2 and 3.3) dramatically
affected the degree of investment. The effect was normally negative, as expected. However, farm DEMCA45
is an example of a farm continuing to invest in the first period, at an even stronger pace, and then decreas-
ing investment in the second period.
Stronger reductions in income were accompanied by even stronger reductions in farm labour (Table 50).
Table 50 – Impact of the scenarios on labour - Germany – Mountain – Arable
In
ve
st
m
en
t b
eh
av
io
ur
 in
 c
on
ve
nt
io
na
l a
nd
 e
m
er
gi
ng
 fa
rm
in
g 
sy
st
em
s 
un
de
r 
di
ffe
re
nt
 p
ol
ic
y 
sc
en
ar
io
s
113
Te
ch
ni
ca
l R
ep
or
t S
er
ie
s
In terms of nitrogen, the models showed opposite tendencies for farm DEMEA43, which tended to in-
tensify use, and the others, which tended to reduce nitrogen use as a consequence of production abandon-
ment (Table 51).
Table 51 – Impact of the scenarios on nitrogen use - Germany – Mountain - Arable
The activity mix was rather stable in the decoupling scenario, with minor decreases in cereals and
clover (Table 52).
Table 52 – Impact of the scenarios on selected activities - Germany – Mountain - Arable
Strong reduction in all selected crops is associated to the scenarios where farming activity is aban-
doned by some farms (and the total usable land of the group of farms is reduced). Some GAEC was intro-
duced on residual land. Possible substitutions between cereals were not detected here because only
information about a unique category ‘cereals’ was collected.
Investments decrease in all of the scenarios during the first period, while a balance of increasing and
decreasing happens during the second period (Table 53).
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Table 53 – Impact of the scenarios on selected investments - Germany – Mountain - Arable
Germany – Mountain - Livestock
The mountain livestock case study involved six farms, of which two are organic (Table 54).
Table 54 – Summary of farm case studies modelled - Germany – Mountain - Livestock
The farms selected were strongly specialised in dairy livestock. In all cases except DEMCL39 the land
rented prevails over owned land. The farmer’s age varied substantially, as well as the debt/asset ratio.
Baseline indicators for Germany Mountain Livestock are showed in Table 55.
Table 55 – Summary of baseline (Agenda 2000) of farm case studies modelled - Germany -
Mountain - Livestock
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Incomes from farming are again rather high (as in the previous case study). Household incomes are sub-
stantially higher, due to the high importance of non-farming labour. The degree of investment is rather high
in some cases, while it shows a strong net disinvestment in at least one case and moderate disinvestments
in other two cases. Labour use is rather high, which is reasonable for livestock farms. Nitrogen use is very
variable.
The results of the scenarios in terms of change in farm income are reported in Table 56.
Table 56 – Impact of the scenarios on income from farming - Germany – Mountain - Livestock
Decoupling caused contrasting but changes, with prevailing negative effects in three farms and small
positive changes in the others (scenario 2.1). Price reduction brought an income drop of up to about 50%
(scenario 2.2). Reductions in payments in the second period led to a reduction in income of mostly less than
20% (scenarios 3.1, 3.2 and 3.3).
The effects on household income appeared again to be slightly attenuated with respect to farm income,
due to the (small) effect of off-farm income (Table 57).
Table 57 – Impact of the scenarios on household income - Germany – Mountain - Livestock
Investment trends tended to follow and emphasise income trends, though with important discontinu-
ities and reversing the direction of change in the case of farm DEMEL26 (Table 58).
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Table 58 – Impact of the scenarios on investment 16- Germany – Mountain - Livestock
While some farms tended to show no change as a reaction to decoupling (scenario 2.1), the reactions
were mostly stronger in case of price reductions (scenarios 2.2 and 3.3).
Impact on on-farm labour followed pretty much income trends (Table 59).
Table 59 – Impact of the scenarios on labour - Germany – Mountain - Livestock
Farm DEMCL40 and DEMEL26 tended to have by far the strongest reaction, probably because all of
their land is rented.
Similarly, nitrogen use tended to reflect closely the changes in income (Table 60).
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16 Investments were already negative in the baseline scenario in the farm DEMEL26
Table 60 – Impact of the scenarios on nitrogen use - Germany – Mountain - Livestock
The impact of decoupling in terms of activity mix was mainly represented by a small decrease in dairy
cows and fattening cattle and a small increase of cereals (Table 61).
Table 61 – Impact of the scenarios on selected activities - Germany – Mountain – Livestock
The main investments items showed no reaction to decoupling (scenario 2.1), while all farms speeded
up disinvestment in all of the scenarios (scenarios 2.2 and 3.3) with a price reduction (Table 53).
Table 62 – Impact of the scenarios on selected investments - Germany – Mountain – Livestock
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Germany – Plain - Arable
The case German plain arable system is represented by two farms, one conventional and one organic
(Table 63). 
Table 63 – Summary of farm case studies modelled - Germany – Plain - Arable
Both households have some members working off-farm. However, their land possession strategy is
completely different (total ownership in one case, total rent in the other). SFP plays a quite important role
in both cases. 
Baseline indicators for Germany Plain Arable are shown in Table 64.
Table 64 – Summary of baseline (Agenda 2000) of farm case studies modelled - Germany -
Plain - Arable
Incomes from farming are very diverse in this case. DEPEA03 has very high income per hectare thanks
to high value organic production. Household incomes are higher than farming income due to the non-farm-
ing labour. While this integration is minimal for DEPEA03, it is substantial for DEPCA33. The degree of in-
vestment is low, though it shows a mix of positive and negative trends. Labour use is minimum. Nitrogen
use is relatively low.
The results of the scenarios in terms of income are reported in Table 65.
Table 65 – Impact of the scenarios on income from farming - Germany – Plain – Arable
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The results showed a minimum effect of decoupling, with an increase in income in one case and no
change in the other (scenario 2.1). Price and payments reduction (scenarios 2.2, 3.1, 3.2 and 3.3) showed
moderate impacts on one farm (the organic one), while strongly affecting the other in the first period.
Such effects are, however, of little importance when compared to the total farm income, whose changes
were almost negligible (Table 66).
Table 66 – Impact of the scenarios on household income - Germany – Plain – Arable
Investment trends tended to stay stable in the different scenarios, in which they mostly followed income
trends (Table 67).
Table 67 – Impact of the scenarios on investment - Germany – Plain - Arable
The main reason is that farm investment endowment is rather simplified here and, as a consequence,
corner points in the model tend to be quite stable.
The impact on on-farm labour followed pretty much investment trends, with relevant reactions only in
the case of scenario 2.2 and 3.3 and in farm DEPEA03 (Table 68).
Table 68 – Impact of the scenarios on labour - Germany – Plain - Arable
The same applies to nitrogen use (Table 69).
Table 69 – Impact of the scenarios on nitrogen use - Germany – Plain - Arable
The changes are reflected and explained in the activity mix, which basically witnesses the abandon-
ment of farming in case of both price reduction and payment reduction (Table 70).
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Table 70 – Impact of the scenarios on selected activities - Germany – Plain - Arable
The main investments items showed no reaction to decoupling (Table 71).
Table 71– Impact of the scenarios on selected investment - Germany – Plain - Arable
Altogether, this reflects a situation with small profit margins and few alternatives, with few opportunities
for adjustment, but where many opportunities of off-farm income can easily drive labour out of agriculture.
Germany – Plain - Livestock
The case of German plain livestock is represented by four farms, of which one is organic (Table 72).
Table 72 – Summary of farm case studies modelled - Germany – Plain - Livestock
The farms selected were strongly specialised in dairy livestock, with a mix of owned and rented land.
All of them are around 100 hectares, with the exception of the organic one that is more than 300. The
debts/asset ratio was rather high in one case, and relevant in two others.
In
ve
st
m
en
t b
eh
av
io
ur
 in
 c
on
ve
nt
io
na
l a
nd
 e
m
er
gi
ng
 fa
rm
in
g 
sy
st
em
s 
un
de
r 
di
ffe
re
nt
 p
ol
ic
y 
sc
en
ar
io
s
121
Te
ch
ni
ca
l R
ep
or
t S
er
ie
s
Table 73 shows the baseline indicators for Germany Plain Livestock.
Table 73 - Summary of baseline (Agenda 2000) of farm case studies modelled - Germany -
Plain - Livestock
Incomes from farming are rather good. Household incomes are higher, but the difference is not so im-
portant, due to the low importance of non-farming labour. Net investment is usually positive, with one ex-
ception. Labour use is rather high, consistently with the livestock specialisation. Nitrogen use is relatively
high.
The results of the scenarios in terms of income are reported in Table 74.
Table 74 – Impact of the scenarios on income from farming - Germany – Plain - Livestock
In two cases out of four, decoupling brought a reduction of income (scenario 2.1). Price reduction
caused falls in income up to as high as 45% in the first period and 91% in the second (scenario 2.2). Pay-
ment cuts added about a 5 to 60% reduction in income in the second period (scenarios 3.1, 3.2 and 3.3).
Such an effect was never anticipated by changes in the first period.
Due to the negligible importance of off-farm labour, the effects on the total household income were ba-
sically the same as on-farm income (Table 75).
Table 75 – Impact of the scenarios on household income - Germany – Plain - Livestock
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The farms showed basically no changes in investment as a reaction to policy scenarios, with the ex-
ception of DEPCL09 (Table 76).
Table 76 – Impact of the scenarios on investment - Germany – Plain - Livestock
The same applies to labour use, where only one farm showed some sensible reaction (Table 77).
Table 77 – Impact of the scenarios on labour - Germany – Plain - Livestock
Again, only one farm showed some reaction in terms of nitrogen use, with a strong increase in the first
period and a strong reduction in the second (Table 78).
Table 78 – Impact of the scenarios on nitrogen use - Germany – Plain - Livestock
In terms of activity mix, decoupling brought about a reduction in numbers of young cattle (scenario 2.1),
while price reductions were reflected more sharply in cereal reduction (scenarios 2.2 and 3.3) (Table 79).
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Table 79 – Impact of the scenarios on selected activities - Germany – Plain - Livestock
Compared with the German plain arable case, this witnesses a situation with the largest profit margins
but fewer alternatives, with small opportunities for adjustment but more resistance towards off-farm income.
This also reflects on the kind of investments that usually reflects land reduction and increase of special-
isation in livestock production (Table 80).
Table 80– Impact of the scenarios on selected investments - Germany – Plain - Livestock
Greece – Plain - Arable
Six farms were selected for modelling in Greece (Table 81).
Table 81 – Summary of farm case studies modelled - Greece – Plain - Arable
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All of them are highly specialised in farming as there is no off-farm activity reported. Young farmers pre-
vail and there is a strong specialisation in arable production and also a lack of non-farming income (see also
Table 89 at the end of this section). Farms with a high degree of non-farming activities and/or relevant live-
stock production were not modelled.
Baseline indicators for Greece Plain Arable are shown in Table 82.
Table 82 - Summary of baseline (Agenda 2000) of farm case studies modelled - Greece -
Plain - Arable
Incomes from farming are rather good and very high in some farms. The exceptionally income of
GRPEA01 is generated by high value added organic product, fruit refrigeration, processing, packaging and
selling activities on the farm, associated to small farm size. Household incomes are higher then farm in-
comes, but the difference is not so important, due to the low importance of non-farming labour in most of
the households. Net investment is usually negative or zero, with an exception. Labour use is very high,
consistently with intensive arable specialisation. Nitrogen use is relatively high; water use is very important
in this system, characterised by a key role for irrigation.
The results of the scenarios in terms of income are reported in Table 83.
Table 83 – Impact of the scenarios on income from farming - Greece – Plain - Arable
Decoupling brought mixed effects (scenario 2.1). In most cases there was a slight increase in income.
An exception was GRPCA07 in which the increase in income was substantial due to the appropriation of
benefits from tobacco decoupling. In two cases only there was an income decrease, due mainly to incon-
sistencies between the historic areas used for SFP calculation and the recent crop mix.
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Changes in prices brought decreases in farming income of between 20 and 42%, except again for farm
GRPCA07 where they were more than compensated by gains from decoupling (scenario 2.2).
Given the concentration of work on-farm and the small proportion of off-farm activities, the effect did
not change substantially when changes in total household income were considered (Table 84). 
Table 84 – Impact of the scenarios on household income - Greece – Plain - Arable
The impact of decoupling on investment was basically irrelevant in the first period, due to previous farm
investments, but became important in the period 2014-2021 (Table 85).
Table 85 – Impact of the scenarios on investment - Greece – Plain - Arable
This reflects a situation where capital endowment is relatively simplified, as most of the farmers had al-
ready done their machinery investments in previous years.
In contrast with income effects, the impact on labour use appeared substantial in at least three cases
(Table 86).
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Table 86 – Impact of the scenarios on labour - Greece – Plain - Arable
In addition, the effect of decoupling appears here as much more relevant than price changes, as the ef-
fects of the latter are almost negligible. Farmers, due to decoupling, changed their crop plans abandoning
tobacco, cotton and other highly labor intensive crops. 
All scenario variables (decoupling, price reduction and payment reduction) brought about a decrease
in nitrogen use as well as in water use (Table 87 and Table 88).
Table 87 – Impact of the scenarios on nitrogen use - Greece – Plain - Arable
While changes in nitrogen use have a certain variability, decreases in water use seem a more general
phenomenon.
Table 88 – Impact of the scenarios on water use - Greece – Plain - Arable
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In terms of crop mix, the most evident changes are the disappearance of tobacco and a strong drop in
sugar beet and tomato in the long run, accompanied by a relevant increase of durum wheat (Table 89).
Table 89 – Impact of the scenarios on selected activities - Greece – Plain - Arable
No change appears for the main investment items (Table 90).
Table 90 – Impact of the scenarios on selected investments - Greece – Plain - Arable
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Hungary – Plain - Arable
In the Hungarian plain arable case study, two farms were modelled (Table 91).
Table 91 – Summary of farm case studies modelled - Hungary – Plain - Arable
Both of them are quite large, but differ substantially in structure and size. While the first farm is more
than 4000 hectares, mostly owned, the second is about 800, mostly rented. Payments played a key role
compared to income.
Summary of baseline indicators for Hungary Plain Arable is shown in Table 92.
Table 92 – Summary of baseline (Agenda 2000) of farm case studies modelled - Hungary -
Plain - Arable
Incomes from farming are rather low and do not differ substantially from household incomes. Net in-
vestment is usually positive, but not so important in value. Labour use is rather low in HUPCA06 and high
in HUPCA04. Nitrogen use is relatively high.
The results of the scenarios in terms of income are reported in Table 93.
Table 93 – Impact of the scenarios on income from farming - Hungary – Plain - Arable
Decoupling had a minor effect on income in one case, but a major negative impact in the other (sce-
nario 2.1). Price reductions had impacts in the range of 30% (scenario 2.2). On the other hand, payment
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cuts brought income reductions of up to 85% in the farm that is more payment dependent (scenarios 3.1,
3.3 and 3.3).
Adjustments of these effects due to off-farm income were basically irrelevant (Table 94).
Table 94 – Impact of the scenarios on household income - Hungary – Plain - Arable
With decoupling and, even more so, with payment cuts and price reductions, investment tended to col-
lapse in the case of the family run farm, while it remained basically the same in the other case (Table 95).
Table 95 – Impact of the scenarios on investment - Hungary – Plain - Arable
Reductions in payments in the second period were partially anticipated through investment reduction
in the first period.
Labour use dropped in all cases, with a much higher effect in the family farm (Table 96).
Table 96 – Impact of the scenarios on labour - Hungary – Plain - Arable
Again, nitrogen use tended to drop following labour and investment (Table 97).
Table 97 – Impact of the scenarios on nitrogen use - Hungary – Plain - Arable
Labour and nitrogen trends showed that the drops in income and prices would likely translate to aban-
donment of the family farm.
An explanation in terms of crop mix of the previous trends can be found in Table 98, with major drops
in the (relatively) most intensive crops accompanied by large adoption of GAEC.
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Table 98 – Impact of the scenarios on selected activities - Hungary – Plain - Arable
The strong effect here may be justified by the relative low efficiency of the farms, which made the sys-
tem very much payment-dependent as well as at the limit of price acceptability.
A reduction of investments prevailed in all scenarios alternative to the baseline (Table 99).
Table 99– Impact of the scenarios on selected investment - Hungary – Plain - Arable
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Hungary – Plain - Livestock
A summary of the Hungarian plain livestock case study is given in Table 100.
Table 100 – Summary of farm case studies modelled - Hungary – Plain - Livestock
The farms selected were strongly specialised dairy livestock. HUPCL01 was based on rented land only,
almost 3000 hectares, while the other farms showed a more equilibrated mix of owned and rented land.
Table 101 shows the baseline indicators for Hungary Plain Livestock.
Table 101 - Summary of baseline (Agenda 2000) of farm case studies modelled - Hungary -
Plain – Livestock
Incomes from farming are rather low and do not differ substantially from household incomes. Net in-
vestment is usually positive, but not so important in value. Labour use is rather low in HUPCL01 and high
in HUPCL02 and HUPCL03. Nitrogen use is relatively low.
The results of the scenarios in terms of income were very varied, as reported in Table 102.
Table 102 – Impact of the scenarios on income from farming - Hungary – Plain - Livestock
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In particular, both negative and positive impacts occurred, particularly in the longer term. 
The negative effect was the combined result of the (modelling) choice to set the reference year for the
SFP at 2007 and the fact that, by decoupling, the farms could not accrue more payments by increasing their
production processes, as they would have done at the baseline.
A reduction in prices of 20% brought less relevant effects (scenario 2.2). In this case, payment cuts in
the second period also would bring a reduction in income high enough to induce abandonment in the
same period (scenarios 3.1)
In this case, where limited company structure prevails, the impact on total income was basically the
same as farming income, except for minor differences due mainly to interest on liquidity (Table 103).
Table 103 – Impact of the scenarios on household income - Hungary – Plain - Livestock
The impact of the scenarios on investment was generally negative, including a reduction of more then
100% that implied shifting from positive to negative investment (Table 104).
Table 104 – Impact of the scenarios on investment - Hungary – Plain - Livestock
Impacts on labour were very strong (Table 105) and basically coincided with a dramatic reduction in
nitrogen use (Table 106), shifting to extensive GAEC adoption, reductions in dairy production and some
major crops (Table 107).
Table 105 – Impact of the scenarios on labour - Hungary – Plain - Livestock
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Table 106 – Impact of the scenarios on nitrogen use - Hungary – Plain - Livestock
Table 107 – Impact of the scenarios on selected activities - Hungary – Plain - Livestock
Impact on selected investments showed in the majority of cases some reduction (Table 108).
Table 108– Impact of the scenarios on selected investments - Hungary – Plain - Livestock
The strong effect here may be explained by the relatively low efficiency, which made the system very
much payment-dependent as well as at the limit of price acceptability. Maintaining an even more extensive
livestock production coupled with pasture and abandoning arable production seems a suitable option in this
case.
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Italy – Mountain - Arable
In the case of Italian mountain arable systems, six farms were selected, of which three were organic and
three conventional (Table 109).
Table 109 – Summary of farm case studies modelled - Italy – Mountain - Arable
Farm sizes ranged from 30 to 100 hectares. In all cases except one, there were some family members
already working off-farm. SFP played generally a minor role compared to whole farm income.
Baseline indicators for Italy Mountain Arable are showed in Table 110.
Table 110 – Summary of baseline (Agenda 2000) of farm case studies modelled - Italy -
Mountain - Arable
Incomes from farming are very differentiated in this case. Household incomes are usually higher, due
to the non-farming labour. The difference tends to intensify, with a higher allocation of labour off-farm (and
related higher income) in the second period. The degree of investment is low, though it shows a mix of neg-
ative (first period) and positive (second period) trends. Labour use is rather high. Nitrogen use is relatively
low. One household (ITMCA09) would sell the farm during the first period.
The results of the scenarios in terms of income are reported in Table 111.
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Table 111 – Impact of the scenarios on income from farming - Italy – Mountain - Arable
Decoupling caused various kinds of changes in these farms. In three of them, the effect was a small in-
crease in income, while in another a small decrease was witnessed. In one farm decoupling translated into
an important decrease, due to the difference between the historic payment and the actual payment associ-
ated with the recent crop mix. In one case the effect was strongly positive due to increased flexibility in crop
choices (scenario 2.1).
On the other hand, price and payment drops had unambiguously negative effects. Payment cuts in the
second period were anticipated in only one farm (scenario 2.2). Payment cuts alone and with price reduc-
tion led to abandonment in two organic farms out of three (scenario 3.3).
The impact of the scenarios on household income was much narrower due to external labour oppor-
tunities and made decoupling almost irrelevant at least in the conventional farms (Table 112).
Table 112 – Impact of the scenarios on household income - Italy – Mountain - Arable
Investment tended to show little reaction to decoupling (scenario 2.1), but reacted sharply to price
changes (scenario 2.2) and, to a lesser extent, to payment cuts (scenarios 3.1, 3.2 and 3.3). The reaction
tended to be more often characterised by an increase in the first period and by a decrease (in some cases a
total halt) in investment in the second period (Table 113).
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Table 113 – Impact of the scenarios on investment - Italy – Mountain - Arable
Impact on farm labour followed pretty much investment trends (Table 114).
Table 114 – Impact of the scenarios on labour - Italy – Mountain - Arable
The main driver here appears to be prices, with a reduction of 20% causing abandonment of two of the
organic farms (scenario 2.2), at least in the second period and with no payments (scenarios 3.1, 3.2 and 3.3).
Nitrogen use showed relevant reductions in all cases (Table 115).
Table 115 – Impact of the scenarios on nitrogen use - Italy – Mountain - Arable
Water use is not relevant in mountain areas and the related table is not reported here.
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The previous effects are associated with changes in the crop mixes that mainly affect alfalfa, wheat,
horse beans (not a common crop anyway), barley and other cereals (Table 116).
Table 116 – Impact of the scenarios on selected activities - Italy – Mountain - Arable
GAEC may have a role in these areas.
Effects on single types of investment are mostly negative in the first period, while, during the second,
no change seems to prevail (Table 117).
Table 117 – Impact of the scenarios on selected investments - Italy – Mountain - Arable
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Italy – Mountain - Livestock
The case of Italian mountain livestock is represented by five farms, of which two are organic (Table 118).
Table 118 – Summary of farm case studies modelled - Italy – Mountain - Livestock
In these cases, the majority of households have no member working off-farm and the size varies be-
tween 15 and over 150 hectares. The farms selected were highly specialised in dairy livestock, where pay-
ments may have a quite substantial role, up to 47% of income in one case.
Summary of baseline indicators for Italy Mountain Livestock is shown in Table 119.
Table 119 – Summary of baseline (Agenda 2000) of farm case studies modelled - Italy -
Mountain - Livestock
Incomes from farming are rather good and high in some farms. Highest income per hectare is gener-
ated in those farms with an important share of high value added livestock production (e.g. milk for parme-
san cheese) and with higher animal/land ratio. Household incomes are higher than farmer incomes, but the
difference is not so important in most cases, due to the low importance of non-farming labour in most of
the households (with the notable exception of ITMCL67 and ITMCL79). Net investment is usually positive.
Labour use is high, consistently with intensive livestock specialisation. Nitrogen use is low.
The results of the scenarios in terms of income are reported in Table 120.
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Table 120 – Impact of the scenarios on income from farming - Italy – Mountain - Livestock
Decoupling brought no change or slightly negative effects (scenario 2.1). The effect of price decreases
was a sharp reduction in income (up to 52%) (scenario 2.2). Cessation of payments after 2013 has relevant
but not dramatic results, with the exception of ITMEL46 (scenarios 3.1, 3.2 and 3.3).
The impact on household income basically reflects the impact on farming income, as the latter repre-
sents the highest proportion of the former (Table 121).
Table 121 – Impact of the scenarios on household income - Italy – Mountain - Livestock
Impacts on investment tended to reflect a variety of strategies (Table 122).
Table 122 – Impact of the scenarios on investment17 - Italy – Mountain - Livestock
Decoupling seemed to bring about a decrease in investment in at one farm, but an increase in the
other one (ITMCL76, see note) while the other showed no changes. This behaviour was maintained even
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17 Investments were already negative in the baseline scenario in the farm ITMCL76
when payments were reduced in the second period (again with an exception). Price reduction caused im-
portant negative changes in investments in the first period in three farms, but no relevant changes in the oth-
ers. The same pattern continued in the second period, with at least two households abandoning farming.
Interestingly enough, at least one farm would keep investing in the first period even in the price drop sce-
nario.
The impact on farm labour was mostly negative, though four farms out of five showed no reaction to
decoupling and three out of five had no reaction even to price and payment reductions (Table 123).
Table 123 – Impact of the scenarios on labour - Italy – Mountain - Livestock
Stronger reactions were detected for nitrogen use (Table 124).
Table 124 – Impact of the scenarios on nitrogen use - Italy – Mountain - Livestock
However, in this case, the strong impact was mostly due to abandonment of some minor crop, while
two farms out of five had not reported any relevant use of fertilisers even in the baseline.
Water use is not reported here as irrigation is not relevant in mountain areas.
Activities change showed a further specialisation in livestock production with an increase in dairy live-
stock and sheep production and a further substitution of cereals (when not used for feed) with forage crops
(Table 125).
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Table 125 – Impact of the scenarios on selected activities - Italy – Mountain – Livestock
Selected investments showed a high stability. However some of them, in particular farm buildings and
tractors, showed a decrease in the first period, but an increase in the second in the price reduction scenar-
ios (Table 126).
Table 126 – Impact of the scenarios on selected investments - Italy – Mountain – Livestock
Italy – Plain - Arable
The case of Italian plain arable systems is represented by six farms, all family run, of which two are or-
ganic (Table 127).
Table 127 – Summary of farm case studies modelled - Italy – Plain - Arable
Four out of six have some household member working off-farm. The structure is variable from 5 to
more than 300 hectares. The role of SFP was very variable, ranging from 2 to 57% of total farm income. 
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Baseline indicators for Italy Plain Arable are shown in Table 128.
Table 128 – Summary of baseline (Agenda 2000) of farm case studies modelled – Italy – Plain
- Arable
Incomes from farming are rather good and high in some farms. Higher farm income is produced in
emerging farms with relevant vegetable production and, in some cases, with direct selling of agricultural
products. Household incomes are higher, but the difference is not so important, due to the low importance
of non-farming labour in most of the households, though with an important exception, ITPEA66. This is
rather peculiar as the household members are young and already have high income activities off-farm. The
strategy is to disinvest farming during the first period (2006-2013) and this yields the high income/land ratio.
In the second period farming activity does not take place at all. The degree of investment is low, though it
shows a mix of positive and negative trends. Labour use is low, with the exception of ITPEA51. Nitrogen use
is relatively high and water use very variable with some high figures in two cases. The peculiar data of
ITPEA66 derive from the fact that the optimal strategy for the household is to abandon farming, selling the
farm and working elsewhere. This results in strong disinvestment in the first period, high non-farming income
and no data for the second period.
The results of the scenarios in terms of income are reported in Table 129.
Table 129 – Impact of the scenarios on income from farming - Italy – Plain - Arable
As in previous cases, decoupling yielded effects in either possible direction, ranging from +22% to -
15% (scenario 2.1). Again, the explanation may be found mainly in discrepancies between the historic and
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recent crop mixes, particularly for farms with a small cereal area in the reference period (corresponding to
those with lower SFP now).
A reduction in prices by 20% led to a reduction in farming income of between 20 and 43% (scenario
2.2). Reductions in payments led to less pronounced effects (scenarios 3.1, 3.2 and 3.3). Coupling payment
and price reduction would lead to a sharp reduction in income with abandonment by two farms (the small-
est and the largest) in the second period.
The impact on household income was adjusted according to the relevance of farming income with re-
spect to total farm income (Table 130).
Table 130 – Impact of the scenarios on household income - Italy – Plain - Arable
Case ITPEA66 is remarkable in that the income from farming is almost irrelevant compared to the whole
household income.
As a reaction to decoupling, investment tended to either decrease or stay stable (Table 131).
Table 131 – Impact of the scenarios on investment - Italy – Plain - Arable
Farms reacted either immediately or in the second period. Price decreases tended to cause a drop in
investments in the second period, though at least one farm reacted with a temporary increase in investment
in the first period (scenario 2.2). Payment cuts also caused a reduction in investment, though this was far
less relevant than price reduction (scenarios 3.1, 3.2 and 3.3).
The impact on farm labour followed to a large extent trends in farming income, particularly in the cases
where an extreme reaction (abandonment) was witnessed (Table 132).
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Table 132 – Impact of the scenarios on labour - Italy – Plain - Arable
The same applies in most cases to nitrogen and water use (Table 133 and Table 134).
Table 133 – Impact of the scenarios on nitrogen use - Italy – Plain - Arable
Table 134 – Impact of the scenarios on water use - Italy – Plain - Arable
In terms of the activity mix, decoupling brought about an increase in alfalfa and forage products and
a reduction in wheat (Table 135).
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Table 135 – Impact of the scenarios on selected activities - Italy – Plain - Arable
This is realistic assuming a local market for forage products was able to absorb increased production.
A price reduction would further decrease wheat but also cause a drop in other cereals and forage products.
In most cases investment is characterised by stability. Exceptions are most often marked by an increase
in the first period and a balance between decrease and increase in the second (Table 136).
Table 136 – Impact of the scenarios on selected investments - Italy – Plain - Arable
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Italy – Plain - Livestock
The case of Italian plain livestock is represented by four farms, of which only one is organic (Table 137).
Table 137 – Summary of farm case studies modelled - Italy – Plain - Livestock
The farms selected were highly specialised in dairy livestock, with sizes of between 20 and 250
hectares. Half of them also had household members working off-farm. The SFP varied between 0 and 68%
of reported household income.
Baseline indicators for Italy Plain Livestock in Table 138.
Table 138 – Summary of baseline (Agenda 2000) of farm case studies modelled - Italy - Plain
- Livestock
Incomes from farming are rather good due to high value added livestock (mostly milk) production. In-
come per hectare is higher for the farms with the higher animal/land ratio. Household incomes are higher
than farming incomes, but the difference is not so important, with the exception of one case, where strong
disinvestment in the first period may be associated to an increase in the allocation of labour off-farm, though
maintaining income and labour intensity (by hectare) stable. Net investment is usually positive, with some
exceptions. Labour use is rather high, consistently with the livestock specialisation. Nitrogen use is relatively
high, while water use is negligible in most cases.
The results of the scenarios in terms of income are reported in Table 139.
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Table 139 – Impact of the scenarios on income from farming - Italy – Plain - Livestock
Decoupling always brought about an increase in farming income (scenario 2.1). However, price reduc-
tions caused a drop in farming income, which was important only for the smallest farm (scenario 2.2). Pay-
ment cuts had, in this case, stronger effects compared to price reductions and some of them were anticipated
in the first period (scenario 3.1). A gradual reduction would substantially smooth this effect (scenario 3.2).
A reduction in payments coupled with a reduction in prices would lead to dramatic effects, with abandon-
ment by the organic farm, probably already in the first period (scenario 3.3).
The effect was only marginally moderated by (minor) off-farming income (Table 140).
Table 140– Impact of the scenarios on household income - Italy – Plain - Livestock
Investments tended to stay steady with decoupling, while an increase seemed to prevail with price re-
ductions, at least in the first period (Table 141).
Table 141 – Impact of the scenarios on investment - Italy – Plain - Livestock
Such investments have mostly to be interpreted as the need to adapt capital stock as a consequence of
changing incentives. A reduction in payments causes mostly a reduction in investments.
No major changes in labour were witnessed as a reaction to decoupling or payment cuts. On the con-
trary, price reductions would lead to a total reshaping in one farm and abandonment in two of them (sce-
nario 3.3) when payments were also reduced (Table 142).
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Table 142 – Impact of the scenarios on labour - Italy – Plain - Livestock
To some extent, the same path observed for labour use applies to nitrogen and water use (but with two
exceptions) (Table 143 and Table 144).
Table 143 – Impact of the scenarios on nitrogen use - Italy – Plain - Livestock
Table 144 – Impact of the scenarios on water use - Italy – Plain - Livestock
As expected from the previous results, decoupling had no important effects in terms of activity mix
(Table 145).
Table 145 – Impact of the scenarios on selected activities - Italy – Plain - Livestock
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When prices dropped, the farms tended to concentrate slightly in dairy farms when payments remained.
However, a large part of dairy production was dismissed when payments were reduced.
Investments decrease for farm buildings and have varied trends for tractors and other machineries
(Table 146).
Table 146 – Impact of the scenarios on selected investment - Italy – Plain - Livestock
The Netherlands – Plain - Livestock
The case study of Dutch plain livestock was based in Gelderland. The farms modelled are described in
Table 147.
Table 147 – Summary of farm case studies modelled - The Netherlands – Plain - Livestock
The farms selected for modelling were highly specialised dairy livestock farms, aside from mixed pig
farms.
Table 148 shows the baseline indicators for Netherlands Plain Livestock.
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Table 148 – Summary of baseline (Agenda 2000) of farm case studies modelled - The Nether-
lands – Plain - Livestock
Incomes from farming are rather good. Household incomes are higher, but the difference with farming
incomes is not so important, due to the low importance of non-farming labour in most of the households.
The degree of investment is low, though it shows a mix of positive and negative trends. Labour use is high,
consistently with intensive livestock specialisation. Nitrogen use is relatively high.
The results of the scenarios in terms of income are reported in Table 149.
Table 149 – Impact of the scenarios on income from farming - The Netherlands – Plain - Livestock
In almost all cases decoupling yielded a negative result in the first period (scenario 2.1). This result was
partly confirmed in the long period. The small positive differences may be mainly explained by the high de-
gree of flexibility thanks to decoupling while payments were maintained. The strongest negative effects of
decoupling were associated with farms that would have expanded their activity thanks to coupled pay-
ments in the baseline scenario.
A reduction in prices by 20% (scenarios 2.2 and 3.3) would have catastrophic effects on income, with
drops as high as more than 90% in the first period and exit by two farms in the second period. In compar-
ison, a reduction in payments in the period 2014-2021 would yield a lower impact (scenarios 3.1 and 3.2),
though it brings to the same effect of the price reduction in at least one farm.
This result is explained by the fact that these farms, though quite profitable, have high costs and a rel-
atively narrow margin between revenues and costs.
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Effects on total household income are in the same range though attenuated by non-farming incomes
Table 150.
Table 150 – Impact of the scenarios on household income - The Netherlands – Plain - Live-
stock
It should be recalled that the model allows off-farm income to be earned only by those household
members that already report some activity off-farm, so in fact compensation of farming income loss through
off-farm employment is underestimated, particularly when extreme impacts occur (e.g. giving up farming).
Farms exiting and with the strongest impact on income were the smallest, with a higher debt/asset ratio
and conventional farming. The latter characteristic may be associated with the fact that organic farms are
also less often specialised in dairy production (though less efficient in dairy production itself).
Decoupling affected investments only in three farms, and in two of them with a positive effect (Table
151).
Table 151 – Impact of the scenarios on investment - The Netherlands – Plain - Livestock
In the second period this effect could reverse as well as strengthen. Again the effect was much stronger
when accompanied by price decreases.
Variations in investment may be very high (e.g. thousands of percent). This is explained by the fact that
they are produced by choices of proceeding with or delaying acquisition of single capital goods. In most
cases farms already had a large endowment of capital goods, so the baseline investment pattern was mostly
characterised by turnover in dairy cows and capital substitution investment.
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Abandonment of farming (and investment) was driven here by the effect of the opportunity cost of cap-
ital (due to the large amount of capital necessary to carry out dairy production), rather than extra farm
labour opportunities.
Impact on on-farm labour followed pretty much income trends (Table 152).
Table 152 – Impact of the scenarios on labour - The Netherlands – Plain - Livestock
The same applied to nitrogen use (Table 153).
Table 153 – Impact of the scenarios on nitrogen use - The Netherlands – Plain - Livestock
The main impact on farm activities concerned the number of dairy cows, while other impacts were
mainly consequences (Table 154).
Table 154 – Impact of the scenarios on selected activities – The Netherlands– Plain - Livestock
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On the whole, decoupling has relevant effects on the size of production. This looks numerically more
relevant for less important productions (e.g. sheep), but hits sharply also dairy cows, that are the main busi-
ness of farms in this case study. A reduction in prices by 20% has much stronger effects and causes the exit
of some farms, with a strong reduction in the number of dairy cows.
Impacts on investments were again rather varied, showing different patterns of behaviour in different
farms (Table 155).
Table 155 – Impact of the scenarios on selected investment – The Netherlands– Plain - Live-
stock
Poland – Mountain - Livestock
A summary of the farms modelled for Polish plain arable systems is reported in Table 156.
Table 156 – Summary of farm case studies modelled - Poland – Mountain - Livestock
The farms selected were those more highly specialised in dairy livestock. However, they were in fact
mostly mixed farms, cultivating also vegetables and rearing pigs as well as bovines. Two out of five had off-
farm labour. Sizes ranged between 4 and 30 hectares. Rent was seldom employed.
Baseline indicators for Poland Mountain Livestock are shown in Table 157.
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Table 157 – Summary of baseline (Agenda 2000) of farm case studies modelled - Poland –
Mountain - Livestock
Incomes from farming are again rather high. Household incomes are substantially higher than farming
incomes in at least two cases, due to the high importance of non-farming labour and the high wages earned
by the household members. This creates incentives to disinvest partially and to allocate more labour off-farm.
This produces a strong increase of the income/land ratio in the second period. Also, as the activities re-
tained on the farm are the most profitable ones, the average income from farming increases in these farms
in the second period. The degree of investment is moderate (with important negative figures) in the first pe-
riod and tends to become positive in the second. Labour use is rather high, which is reasonable for livestock
farms. Nitrogen use is on average values.
The results of the scenarios in terms of income are reported in Table 158.
Table 158 – Impact of the scenarios on income from farming - Poland – Mountain - Livestock
With the exception of POMCL38, decoupling brought about a small income reduction (scenario 2.1).
Instead, a reduction in prices of 20% caused a strong reduction in income from farming, with reductions
up to 93% in the first period and up to abandonment of farming in the second (scenario 2.2).
The negative effect of decoupling was partly influenced by the choice of 2007 as the reference year (de-
coupling is totally hypothetical in Poland and Hungary), so that decoupled payments did not follow the in-
creases expected for area based payments.
The differential in terms of income of payment reductions after 2013 appeared particularly relevant
here compared to other countries.
The effects on total farm income were weaker, due to the effect of off-farm labour (where present) and
pensions (where present) (Table 159).
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Table 159 – Impact of the scenarios on household income - Poland – Mountain - Livestock
Investment reaction tended to vary greatly, which was also likely as a consequence of varied initial
capital endowment (Table 160).
Table 160 – Impact of the scenarios on investment - Poland – Mountain - Livestock
However, differences even among ‘comparable’ scenarios were evident (e.g. 2.1 and 3.1) and might
be explained as an anticipation of policy changes in the second period. Once again, either decoupling,
payment reduction or price reduction might lead investment in any possible direction.
Labour changes tended to follow pretty much investment trends, with extreme drops at least in one farm
when prices or payments decreased (Table 161).
Table 161 – Impact of the scenarios on labour - Poland – Mountain - Livestock
In almost all cases there was a reduction in nitrogen use, including the case of positive investment
(Table 162).
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Table 162 – Impact of the scenarios on nitrogen use - Poland – Mountain - Livestock
This may be explained by the fact that only nitrogen from fertilisers is accounted for here, while farm
expansion (if any) was generally associated with an increase in the number of livestock.
This was clearly reflected also in the changes in activity mix (Table 163).
Table 163 – Impact of the scenarios on selected activities – Poland – Mountain - Livestock
As in the other cases, price decoupling tended to be associated with a further specialisation in dairy
production rather than fattening for beef. However, price reductions, particularly when coupled with pay-
ment reductions, tended to cause a strong drop also in dairy production.
Minor changes in investment patterns were identified (Table 164).
Table 164 – Impact of the scenarios on selected investments – Poland – Mountain - Livestock
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Poland – Plain - Arable
A summary of farms modelled for Polish plain arable systems is reported in Table 165.
Table 165 – Summary of farm case studies modelled - Poland – Plain - Arable
Households here were very variable in size and used external labour in at least three cases. Only in
one case did household members work off-farm. Farm size was quite large, at least in the case of conven-
tional farms.
Baseline indicators for Poland Plain Arable are shown in Table 166.
Table 166 – Summary of baseline (Agenda 2000) of farm case studies modelled - Poland –
Plain - Arable
Incomes from farming are rather good and high in some farms. Household incomes are higher than
farming incomes, but the difference is not so important, due to the low importance of non-farming labour
in most of the households. The degree of investment is rather low in some cases, while it shows a strong net
disinvestment in at least one case and moderate disinvestments in another case. Labour use is low, with the
exception of POPEA13. Nitrogen use is relatively high. POPCA58 would abandon farming during the first
period attracted by off-farm wages.
The results of the scenarios in terms of income are reported in Table 167.
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Table 167 – Impact of the scenarios on income from farming - Poland – Plain - Arable
The largely negative effects showed the shocking impact of decoupling on farms growing crops (sce-
nario 2.1), thanks to increasing area payments on the main crops in the baseline scenario. In this case, com-
pared with livestock, this was more important due to the higher relevance of payments to total income and
the lack of compensation from livestock expansion.
Again, the strong negative effect of decoupling was partly affected by the choice of 2007 as the refer-
ence year, so that decoupled payments did not follow the increases expected for area based payments.
Effects of price reductions (scenario 2.2) were maybe less strong but more homogeneous compared with
livestock farms.
The effects of payment reductions after 2013 were again rather important, but very variable across the
farms (scenarios 3.1, 3.2 and 3.3).
The changes in total household income followed basically farm income, with a few exceptions in
which they were attenuated due to other income sources (Table 168).
Table 168 – Impact of the scenarios on household income - Poland – Plain - Arable
Differently from income, investment may take different directions as a reaction to both decoupling and
price cuts (Table 169). 
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Table 169 – Impact of the scenarios on investment - Poland – Plain - Arable
In particular, at least one farm showed an increase in investment with decoupling and this reaction was
enhanced by price reductions (only in POPCA36).
Effects on labour followed substantially income effects (Table 170).
Table 170 – Impact of the scenarios on labour - Poland – Plain - Arable
A similar pattern was followed by nitrogen use (Table 171).
Table 171 – Impact of the scenarios on nitrogen use - Poland – Plain - Arable
Crop mix changes showed a basic stability to decoupling, while price changes bring sharper effects
(Table 172).
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Table 172 – Impact of the scenarios on selected activities – Poland – Plain - Arable
GAEC options played a relevant role, although this could be attenuated in practice.
Finally, impact of scenarios on investments shows mainly a decrease, particularly in the second period
(Table 173).
Table 173 – Impact of the scenarios on selected investments – Poland – Plain - Arable
In most cases, however, land investments tend to decrease, while machinery tend to decrease in the
first period and to not to change or decrease in the second.
Poland – Plain – Livestock
A summary of farms modelled for Polish plain livestock systems is reported in Table 174.
Table 174 – Summary of farm case studies modelled - Poland – Plain - Livestock
In
ve
st
m
en
t b
eh
av
io
ur
 in
 c
on
ve
nt
io
na
l a
nd
 e
m
er
gi
ng
 fa
rm
in
g 
sy
st
em
s 
un
de
r 
di
ffe
re
nt
 p
ol
ic
y 
sc
en
ar
io
s
161
Te
ch
ni
ca
l R
ep
or
t S
er
ie
s
The farms selected mainly specialised in dairy livestock, though usually mixed with beef and pig pro-
duction. Specialised pig producers were not modelled. Only one farm was organic. No households had
members working off-farm. Farm sizes were between 20 and 80 hectares.
Summary of baseline indicators for Poland Plain Livestock is shown in Table 175.
Table 175 – Summary of baseline (Agenda 2000) of farm case studies modelled - Poland –
Plain - Livestock
Incomes from farming are rather good and high in some farms. Household incomes are higher than in-
come from farming, but the difference is not so important, due to the low importance of non-farming labour
in most of the households. The degree of investment is rather high, though with two exceptions in the first
period and one in the second. Labour use is rather high, consistently with the livestock specialisation. Ni-
trogen use is relatively high.
The results of the scenarios in terms of income are reported in Table 176.
Table 176 – Impact of the scenarios on income from farming - Poland – Plain - Livestock
Again, decoupling seemed to cause a prevailing but mostly negligible reduction in income. However
at least one farm showed a relevant increase of income due to decoupling (scenario 2.1). On the other
hand, price reductions translated into major negative effects on income (scenario 2.2).
In addition, payment cuts after 2013 had minor negative effects (scenarios 3.1, 3.2 and 3.3). Only farm
POPCL24 seemed to undergo a major negative impact from both reform and price changes.
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Once again, effects on household income were very relevant though moderated with respect to the
farming effects only (Table 177).
Table 177 – Impact of the scenarios on household income - Poland – Plain - Livestock
The effect on farm investment was consistently negative here, with stronger effects from price reduc-
tions (Table 178).
Table 178 – Impact of the scenarios on investment - Poland – Plain - Livestock
Labour effects of decoupling were also consistently negative, with price effects again stronger than
payment changes (Table 179).
Table 179 – Impact of the scenarios on labour - Poland – Plain - Livestock
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Once again the pattern followed mainly investment trends. The same applied basically to nitrogen use
changes (Table 180).
Table 180 – Impact of the scenarios on nitrogen use - Poland – Plain - Livestock
Basic farming activities, dairy cows in particular, seemed to be rather stable in the short run and strongly
increasing in the long run with respect to decoupling, while they would be reduced with price decreases
(Table 181).
Table 181 – Impact of the scenarios on selected activities – Poland – Plain - Livestock
Farm investments showed a very varied reaction in the short run and a basic stability with some cases
of increase in the longer run, particularly under price reduction scenarios (Table 182).
Table 182 – Impact of the scenarios on selected investments – Poland – Plain - Livestock
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Spain – Plain - Trees
The case study of Spanish plain trees was based in Andalusia, southern Spain. The farms modelled are
described in Table 183.
Table 183 – Summary of farm case studies modelled - Spain– Plain - Trees
The farms selected were highly specialised in olive cultivation, although they varied in size and com-
plementary crops. In all cases the farms used external labour, which was particularly relevant in peak peri-
ods.
While farm ESPCT10 specialised exclusively in olive cultivation, farms ESPCT01, ESPCT08 and
ESPCT14 integrated olives with, respectively, cultivation of lemons, arable crops and grapes.
SFP was particularly relevant for the largest farms.
Table 184 shows the baseline indicators for Spain Plain Trees.
Table 184 – Summary of baseline (Agenda 2000) of farm case studies modelled - Spain–
Plain - Trees
Incomes from farming are rather good. Household incomes are higher than farming incomes, but the
difference is not so important, due to the low importance of non-farming labour. Net investment is usually
positive. Labour use is rather high as requested by olive tree cultivation. Nitrogen use is not particularly high,
while there is relevant use of water for irrigation.
The results of the scenarios in terms of income are reported in Table 185
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Table 185 – Impact of the scenarios on income from farming -Spain– Plain - Trees
Given the kinds of crops, adaptations to decoupling were minimum (scenario 2.1), while income
changes mainly reflected either price or payment reductions in the respective scenarios.
Scenarios 2.2 and 3.3 showed the most dramatic reductions (up to about 50%) in income from farm-
ing, due to price reductions. The total cut in payments after 2014 caused a reduction of between 13% and
19% of farm revenue (scenario 3.1). A gradual reduction in payments would moderate this effect substan-
tially (scenario 3.2).
Impacts on household income are reported in Table 186.
Table 186 – Impact of the scenarios on household income - Spain– Plain - Trees
They were more or less the same size as the impacts on farm revenue. The main exception was farm
ESPCT01. This farm reacted by shifting household labour outside the farm and compensating for the reduc-
tion in prices with additional sources of income off-farm.
This was reflected also in a reduction in investments on-farm that shifted from net positive to net neg-
ative investments (Table 187).
Table 187 – Impact of the scenarios on investment - Spain– Plain - Trees
The impacts of the scenario on labour use on the farms are summarised in Table 188.
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Table 188 – Impact of the scenarios on labour - Spain– Plain - Trees
Labour was basically stable everywhere with the exception of farm ESPCT01. 
Impacts of the scenarios on nitrogen and water use were of the same size as those on labour (Table 189
and Table 190), as the effects were due to a reduction in the farmed areas with olive trees.
Table 189 – Impact of the scenarios on nitrogen use - Spain– Plain - Trees
Table 190 – Impact of the scenarios on water use - Spain– Plain - Trees
Due to system characteristics, impacts on both activity mix and investments were of minor importance
(Table 191 and Table 192).
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Table 191 – Impact of the scenarios on selected activities –Spain– Plain – Trees
Table 192– Impact of the scenarios on selected investments –Spain– Plain – Trees
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of selected EU regions, and to assess the impact of the 2003 CAP reform on producers’ investment be-
haviour, and on their sustainability. 
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vestment behaviour; b) the effects of policy on investment behaviour; c) the classification of quantita-
tive tools for analysing farm investment behaviour; and d) the choice of methodology for the empirical
analysis of farm investment behaviour.
The methodology adopted is based on the integration of empirical primary information collected
through a survey of about 250 farm households with a modelling exercise of the individual farms sur-
veyed. The core model is a multi-criteria dynamic programming model of farm households. The model
is calibrated on primary data from a survey of single farms through a questionnaire. 
Scenario analysis showed that CAP as a whole is very important for the sustainability of farming
systems. However, prices (in the range simulated) appeared to be more important than policy and
adaptation of farm activities more important than investment as a reaction to both policy and prices.
Post-decoupling CAP appeared from the interviews to be very much a policy with multiple objec-
tives that takes on very different roles depending on the context in which it is cast. In particular it seems
to tend to reinforce the strategy already adopted by farm-households, either in terms of expansion or
abandonment.
The results confirm the need for better empirical information, contextualized within the present
stage of EU agriculture and policy.
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